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only nine reported discharging condenser water directly to a receiving 
stream. Twenty of the factories report zero discharge through either 
impounding or recycling and impounding. Seven factories report re¬ 
cycling condenser water the discharging the blowdown. 

Seven mills report direct discharge of cane wash water while 22 mils 
report total containment of cane wash water. Nine mills report no 
cane wash water, and therefore, no discharge. 

Eight mills report recycling of cane wash, a technique which can 
significantly reduce wastewater flow. Figure 25 shows one methoo of 
cane wash recycle in which the used water is again used as initial 
wash for the cane and fresh water is used for final washing. Figure 
25 shows the wash water receiving only grit removal treatment before 
recycle, but it could just as easily receive primary sedimentation 
and/or biological treatment prior to recycle. 

In all of the factories in Puerto Rico, Florida, and Louisiana which 
were visited or from which data was received, none reported a mechanical 
clarifier or biological waste treatment system. The only treatment sys¬ 
tems utilized were some type of pond or canal for removal of suspended 
solids prior to discharge or for total impoundment. 

Biological treatment of sugar waste has been .cmonstrated in bench and 
pilot plant tests. Bhaskaran and Chakrabarty (ll) conducted pilot plant 
studies in India on both anaerobic and aerobic ponds for treating cane 
sugar waste. With a loading rate of 0.25 kilograms per day per cubic 
meter (0.0155 pounds per day per cubic foot) of BOO the anaerobic lagoon 
treatment efficiency was 61.5 percent. The oxidation pond with a seven 
day detention time was able to average 68 percent BOD removal with an 
average loading of 272 mg/1 corresponding to 33 gallons per day per 
meter squared (290 pounds per day per meter squared (290 pounds per flay 
per acre). Miller (12) reports on an activated sludge pilot study 
which showed that wastewater BOD concentrations of 800 to 1 ,000 mg/1 
from a cane factory could be reduced to 20 to 40 mg/1. Some difficulty 
was reported, however, with filamentous bacterial growth and problem’s 
were also encountered in the control of suspended solids in the effluent 
of the pilot plant. 

Flume water in the beet sugar industry has been reported to be effectively 
treated by the activated sludge process with treatment efficiencies for 
BOD removal ranging from 83 to 97 percent (13). Maximum BOD values for 
50 mg/1 in the effluent were reported. 

Where sufficient land is available existing technology will allow zero 
discharge from cane factories through impoundage. If sufficient land 
for impoundage is not available then the activated sludge process 
should allow an effluent discharge of approximately 20 mg/1. The 
activated sludge process has not been proven effective on a full scale 
basis in the cane sugar industry. However, similar fooo waste con¬ 
taining sucrose and other sugars have been effectively treateo by the 
activated sludge process (14,15). r. 
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2. Excerpts from Supplement A to Draft Development 
Document for Effluent Limitations Guidelines and 
Standards of Performance, Cane Sugar Processing In¬ 
dustry, Part 1, Cane Sugar Refining (August, 1973) 
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November 8, 1973 






Nr. Robert W. Dellinger 
Effluent Guidelines Division 
Environmental Protection Agency 
Crystal Mall No. 2» Room 905 
Uas'ilngton, D.C. 20460 

Dear Bob: 
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Enclosed are three copies of Supplement A to the Cane 
Sugar Refinery Report (August, 1973). 

A number of changes have been made In the Cane Sugar 
Refinery Report. Some of these changes have been as a result of 
the review process, some your own judgement, and some have been 
corrections to the report on our part. This supplement does not 
reflect these changes. Since only you have a complete list of 
these changes and corrections, 1 suggest that you take a good close 
look at this supplement and Include the changes and corrections 
before It Is given to anyone as reference, otherwise there may be 
some confusion. 

Very truly yours. 


ENVIRONMENTAL SCIENCE ' 
& ENGINEERING, INC. 



Robert A. Morrell 
Environmental Engineer 


RAM/mah 
Enclosures (3) 
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INTRODUCTION 


In absence of complete cost data for any Individual cane sugar 
refinery, the cost figures delineated herein are based on reliable 
actual cost figures reported for various installations coupled with 
engineering estimates. 

An adequate engineering cost estimate for a single plant must 
necessarily consider a multitude of factors; an estimate completely 
applicable to all members of an entire industry is obviously impossible. 
It must be realized that land costs can vary widely. While some cane 
fields in Louisiana may be assessed at less than a thousand dollars 
per acre, to discuss the worth of land in downtown Brooklyn or Boston 
is almost ludicrous. Const-uction cost, in terms of both labor cost 
and materials cost, is another element that is highly variable. There¬ 
fore, the costs presented in this document are intended to serve only 
as a guide to the Agency. 
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The Model Refineries 

The cost estimates contained in this document are based on tv.'o crystalline 
♦ with melts of 545 metric tons (600 tons) per day and 1900 metric 

>^espect1vely. and a liquid refinery with a melt 
of 508 metric tons (560 tons) per day. These refineries are considered 
to be generally representative of both large and small crystalline oper¬ 
ations and of liquid operations. Obviously, any given existing install¬ 
ation may vary considerably from the models presented; each sugar refinery 
has unique characteristics and unique problems that must be considered on 

basis. The following are assumed features of the repre- 
sentatTve refineries: 


1 . 


2 . 


3. 


4 . 

5. 


6 . 


7 . 


8 . 


9. 


10 . 


11 . 

12 . 


The present level of condenser cooling water entrainment 
is 16.2 ppm in crystalline refineries and 33.4 ppm in 
liquid refineries. ; 

Both liquid and crystalline refineries employ liquid level 
controls on evaporators and absolute pressure controls on 
the last evaporator body. 

Both crystalline refineries employ triple-effect evapora¬ 
tors; the liquid refinery uses double-effect evaporators. 
Evaporator bodies are 3.05 meters (10 feet) in diameter. 
Muriatic acid usage equals 0.2 kg per metric ton (0.4 
lbs. per ton) of melt. 

Caustic soda usage equals 0.6 kg per metric ton (1.2 
pouods per ton) of melt. 

Evaporator scale thickness equals .16 centimeters (1/16 
Inch). 


heating surface equals 465 square meters 
(5000 SQuare feet) in the liquid refinery, 557 square 
meters (6000 square feet) in the small crystalline re¬ 
finery, and 1400 square meters (15,000 square feet) in 
the large crystalline refinery. 

1^9 per 100 kg (0.8 lbs. 

per 100 lbs.) of melt. 

filter cake equals 645 kg per cubic meter 
(40 lbs. per cubic foot). 

Moisture content of the filter cake equals 60 percent. 

Total mud slurry equals 114 cubic meters (30,000 gallons) 
per day for the liquid refinery, 135 cubic meters (35,700 
gallons) per day for the 545 metric ton (600 ton) per day 
crystalline refinery, and 455 cubic meters (120,000 gallons) 

line^refinery^^ metric ton (2100 ton) per day crystal-^ 
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13. 

14. 

15. 

16. 

17. 

18. 


The operating year consists of 250 

Hinoty-cight percent of condenser water BOD is oue to 

sucrose. 

The liquid refinery purchases all electric power; 
crystalline refineries manufacture their own electric 

Both liquid and crystalline refineries discharge dia- 
tomaceous earth filter slurries. 

The liquid ar.d crystalline refineries do not recycle 

condenser water. ^ 

There is presently a discharge of process water with no 
treatment in the case of both liquid and crystalline 
refineries. 


Basis of CoU Analysis 

The follov/ing are the basic assumptions made in presentation of cost 
Information: 


1 . 

• 

2 . 

3. 

4. 

5. 


6 . 



10. 


Investment costs are based on actual engineering cost 

estimates. , ^ c, i. 

0.455 kg (one 1b.) of sugar is equivalent to .511 kg 

(1.125 lb.) of BOO. , 

3.79 liters (one gallon) of 80* Brix final molasses 
sells for $.042 per liter ($.16 per gallon). 

All costs are August 1971 dollars. 

Spray pond assumptions: 


is 


wet bulb temperature » 26®C (79®F). 
dry bulb temperature ■ 32“C (90®F). . . 

relative humidity ■ 70 percent, 
condenser water enters at 51®C (123®F) and leaves 

at 34®C (93®F). 

Equipment depreciation is based on an 18 year straight- 
line method, except for rolling stock which is depre¬ 
ciated over 6 years by ♦’he straight-line method. 

In increasing evaporat heights by three feet, it will 
not be necessary to (a; alter roof, (b) add reinforcing 
rings, and (c) provide major alterations to existing 
piping. 

Excavation of filter mud pits costs $0.53 per cubic meter 
($.40 per cubic yard); annual excavation and disposal 
costs $0.79 per cubic meter ($0.60 per cubic yard). 

Inplant modifications cost estimates were based on actual 
engineering cost estimates assuming $4.00 per hour for 
labor costs, $0,023 per kilowatt hour for electricity, and 
market value for chemicals. Land cost for inplant modi¬ 
fications were assumed at $2470 per hectare ($1000 per acre) 
End-of-pipe treatifient cost estimates were based on 
actual engineering estimates using $10.00 per hour for 
labor cost, $0.01 per kilowatt hour for electricity, and 
$4255 per hectare ($1720 per acre) of land. _ 
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11. Annual interest rate for capital cost equals 8 percent. 
IZ. Salvage value for all facilities depreciated over 18 
years is zero. 

13. Only sugar losses in the condenser cooling water can 

be recovered. ^ 

14. Liquid sugar sells for $254.00 per metric ton ($230.50 

ton ^0** $260.00 per metric 

, Jon (5236.40 per ton). 

hauled in truclcs that cost $10,000 each, 

;n3 3.78 cubic meters (5 cubic yards) 

and that make 12 trips a day. ' 

17 * p°[JJ’"Sency is taken at 10 percent of installed cost. 

expediting costs are taken at 10 percent 
lo installed cost plus contingency. 

18. Total yearly cost equals: 

depreciation percentage) + 
Yearly operating cost + ( Investment costl (.08) 

2 

^®*' associated, with disposal to municipal 

systems is assumed to be zero. ^ 

cost analyses Include In some cases 

J«enpif;e''S7noJ?;J^;n H^lVZn ZZZlVZ 

.“~ss"r;:.sr£ sv:: ss'^r"' ’• 

Crystal line Refinery 


Two representative crystalline refineries were chosen as a basis fnr mef 
per dav^afid a refinery with a melt of 545 metric tons (600 tons) 

Hr dll Th« with a melt of 1900 metric tons (2100 tons) 

refineries ^ treatment alternatives may be applied to both 

per metric ton (^.08 pounds per 

^.20 
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or control can be attributed to this Alternative. 

COSTS: 0 

reduction BENEFITS: None 

Alternative °j^nq^thc fronts lurrying 

catTBe achieved either by g^ened filter cake to 

filter cake with water or for BOD and suspended solids 

landfill. The resulting effluent ton) of melt and-A^/.^O 

are 1.375Tc11ograms per tSn) of melt respectively, at 

kilograms per metric ton Pou^^s per ton; ot meit . 

this control level. 


B-1: Impound Filter Slurry 

COSTS: 545 metric tons (600 tons) per day crystalline refinery 

Incremental Investment Cost: $33,000 
Total Investment Cost: J33,^ 

Total Yearly Cost: ♦ 

1900 metric tons (2100 tons) per day crystalline refinery 

Incremental Investment Cost: $66,000 
Total Investment Cost: $66.0^ 

Total Yearly Cost: $Z0,ffW 

B-2: Dry Disposal of Filter Cake 

COSTS: 545 metric tons (600 tons) per day crystalline refinery 

' Incremental Investment Cost: $61,000 

Total Investment Cost: . $61_^^ c> 

Total Yearly Cost: $44i«40- 

1900 metric tons (2100 tons) per day crystalline refinery 
Incremental Investment Cost: $61,000 

REDUaiOK BEKCflTS: (S4” 9-, 

denced over Alternative A. Total plant 

15".*? percent for BOO and percent for suspended 

solids would be achieved. ^.4 
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For the purpose of accruing total cosJts in thi« 

■ SS-F-’ “ 

order to reduce entrainment of separators in 

assumed that, in additi^ both rf^nf •" water. It is 

ational controls in the e^aSoJato^ JnH and oper- 

vapor height. This techSn« ^ as good 

industry.' The resultino ei-fi^ont practiced in the 

a 5 >e 1.16 kilograms peJ metri^ton Vnnund? suspended 
and kilograms per metric ton ^ f?®*" 

spectively. for the'’seUctrro‘??„i?^r;hlM;„??S] 


COSTS: 


5« metric toes (600 tons) per day crystalHne refinery 


Incremental Investment Cost 
Total Investment Cost: 

Total Yearly Cpst: 


$ 52,000 
1113,000 
$ 6 1 y 5 20 0'2-iOoo 


1900 metric tons (2100 tons) per day crystalline refinery 


REDUCTION BENEFITS: 


Incremental Investment Cost: 
Total Investment Cost: 

Total Yearly Cost: 


$ 73.000 
$134,000 
$ 7 ^ , - 0 54 ”? ,oco 


p2r w^rton I” Mloorams 

(O.A^t pounds per ton) of melt is 

I^'bod'is ‘otal reduction 

L"spen“d^5 STra"c‘h1ev"e“d:“^*^*^ 

assumes the addition of an activ ated cinHnn !?? This Alternative 

water to Alternative C. Presently +hp»«o P^ant to treat process waste- 
their own biological treatment svs'’o '"®^’'ie'"ies which have 
treated in municipal biological treatmpnf^^i'^®!^'^®'"* are commonly 

VII, Control and Treatmpnt^Tf^L^rff.^."^®"^ Plants. As discussed in Section 

?jL‘s:en‘r 

mter is*puiipcd*thro5jh'^rp?lmary*'MHfter*t(i'''°*"’ 

biological sludoe being returned^to aerated lagoon, with 

clarifier. Excess sludge is pSmned a « secondary 

the digester is pumped to a hSldino iLLn’ tk the sludge from 

n u -3 ^ result of the addition of this aw total effluent waste load- 

0 13—0768 kilograms per metric ton ^0 estimated to be 

kilograms per metric ton CiL^ pouhdfter\on) of'^Lit J®^^ (h^r. 

v^l^pounas per ton) of melt for suspended solids 
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LARGE CRYSTALLINE 

INVESTMENT COST ESTIMATE 
ALTERNATIVE B-1 


Item 

Cost 

1. 

4,000 Gallon Storage Tank 

$.1,000 

2. 

2-100 C/M Solids Handling Pumps/Motors 

1,700 

3. 

Pipe and Fittings 

3,800 

4 . 

Electrical Starters, etc. 

500 

5. 

Excavation and Dyking 

20,650 

6. 

Installation, Labor 

6,000 

7. 

Land-4 Acres 

4,000 

8. 

Overhead, Profit 

14,730 

9. 

Engineering and Contingencies 

11,340 

10. 

Tax, Miscellaneous 

2.280 


TOTAL 

$66,000 
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OPERATING COST ESTIMATE 
ALTERNATIVE B-1 


A 


Item Cost 

1. Annual Excavation $12,000 

2. Electricity 500 

3. Pump Maintenance 1,000 

4. Labor 500 

TOTAL $14,000 

YEARLY COST ESTIMATE 
ALTERNATIVE B-1 

1. Yearly Investment Cost $ 2,640 

2. Depreciation 3,666 

3. Yearly Operating Cost 14.000 


TOTAL YEARLY COST $20,306 
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SMALL CRYSTALLINE REFINERY 
INVESTMENT COST ESTIMATE 
ALTERNATIVE B-1 


Item 

1. 2,000 Gallon Storage Tank 

2. 2, 50 GPM Solids Handling Pumps/Motors 

3. Pipe and Fittings 

4 . Electrical Starters, etc. 

5. Excavation and Dyking 

6. Installation and Labor 

7. Land (1.2 Acres) 

8. Overhead and Profit 

9. Engineering and Contingencies 

10. Tax and Miscellaneous 

TOTAL 


Cost 
$ 750 

1,000 
3,800 
400 
6,200 
6.000 
1,200 
6,740 
5,670 

. hm 

$33,000 
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OPERATING COST ESTIMATE 
ALTERNATIVE B-1 

rtan Cost 

1. Annual Excavation | 4,000 

2. Electricity 300 

3. Pump Maintenance 800 

4. Labor 300 

TOTAL $ 5,400 

YEARLY COST ESTIMATE 
ALTERNATIVE B-1 

1. Yearly Investment Cost • $ 1,320 

2. Depreciation 1,900 

3. Yearly Operating Cost 5.400 

TOTAL YEARLY COST $ 8,620 
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URGE CRYSTALLiriE 
INVESTMENT COST ESTIMATE 
ALTERNATIVE B-2 


Item 


Cost 

I. 400 mud bin 


$ 2,000 

2. 2 Trucks (5 yd^) 


20,000 

3. Electrical 


2,000 

4. Conveyor 


4,000 

5. Labor 


12,000 

6. Overhead and Profit 


^,630 

7. Engineering and Contingency 


10,500 

8. Tax and Miscellaneous 


3.870 

• 

TOTAL 

$61,000 
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OPERATIflG COST ESTIMATE 
ALTERNATIVE B-2 


I ten 

Cost 

1 . 

Truck Drivers 

$48,000 

2. 

Equipment Labor 

2,000 

3. 

Fuel, Taxes, License 

8,000 

4. 

Power 

1,200 

5. 

Maintenance 

4.500 


TOTAL 

$63,700 

1. 

YEARLY COST ESTIMATE 
ALTERNATIVE B-2 

Yearly Investment Cost 

$ 2,440 

2. 

Depreciation 

5,000 

3. 

Yearly Operating Cost 

63.700 


TOTAL YEARLY COST $71,140 


n 
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SMALL CRYSTALLINE REFINERY 
INVESTMENT COST ESTIMATE 
ALTERNATIVE B-2 


Item 


Cost* 

1. 400 ft^ Mud Bin 


$ 2.000 

2. Two 5 Cubic Yard Trucks 


^.000 

3. Electrical 


2.000 

4 . Conveyor 


4.000 

5. Labor 


12.000 

6. Overhead and Profit 


6.630 

7. Engineering and Contingency 


10.500 

8. Tax and Miscellaneous 


3.870 


TOTAL 

$61.000 


0215 
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OPERATING COST ESTIMATE 
ALTERNATIVE B-2 


?tem * Cost* • 

1. One Truck Driver $24,000 

2. Equipment Labor 2,000 

3. Fuel, Taxes, License 5,000 

4. Power 1 ^200 

5. Maintenance 4^500 

total $36,700 

YEARLY COST ESTIMATE 
• . ALTERNATIVE B-2- 

1. Yearly Investment Cost $ 2,440 

2 . Depreciation 5,700 

3. Yearly Operating Cost 35,700 

TOTAL YEARLY COST $44,840 
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LARGE CRYSTALLINE 



INVESTMENT COST ESTIMATE 
ALTERNATIVE C 

• 

Item 

Cost 

1 . 

3 Demisters 

$ 4,800 

2 . 

Labor for Demisters 

6,000 

3. 

3 External Separators (Evap.) 

9,000 

4. 

7 External Separators (Pans) 

18,000 

\ 

5. 

Labor for Separators 

21,000 

6 . 

Engineering and Contingency 

12,390 

7. 

Tax and MUcellaneous 

1.810 


TOTAL 

$73,000 


0217 


14 


A-18 







OPERATING COST ESTIMATE 
ALTERNATIVE C 


Item 

1 . Cleaning Chemicals 

2. Labor 

3. Maintenance 


Cost 
* $ 5,000 

12,800 
5.500 

total -$23,300 


YEARLY COST ESTIMATE 
ALTERNATIVE C 


1. Yearly Investment Cost 

2 . Depreciation 

3. Yearly Operating Cost 

4. Yearly Sugar Savings 


$ 2,920 
4,200 
23,300 
-26.506 

TOTAL YEARLY COST $ 3.914 
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SMALL CRYSTALLINE REFINERY 
INVESTMENT COST ESTIMATE 



ALTERNATIVE C 

C.st* 

Item 




$ 4,500 

1 . 

Three Demisters 

2 . 

Labor for Demisters 

5.500 

3. 

Three External Separators (Evaporators) 

8,000 

4. 

Three External Separators (Pans) 

9,000 

5. 

Labor for Separators 

14.000 

6 . 

Engineering and Contingencies 

8,610 

7. 

Taxes and Miscellaneous 

2,390 


TOTAL 

$52,000 


I 
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1. Cleaning Chemicals 

2. Labor 

3. Maintenance 


OPERATING COST ESTIMATE 
ALTERNATIVE C 


TOTAL 


YEARLY COST ESTIMATE 

alternative C 


Yearly Investment Cost 
Depreciation 
Yearly Operating Cost 
Yearly Sugar Savings 


Cost* 
$ 3,000 
12,000 
3.900 
$18,900 


$ 2,080 
3,100 
18,900 
-7.400 

TOTAL YEARLY COST $16,680 
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UUAPT 


COSTS: G45 metric tons (600 tons) per day crystalline refinery 

Incremental Investment Cost: $2^''i,D5t" ' 3 -ss,ooo 
Total Investment Cost: $-36 7r &* V 'bbS^oco 

Total Yearly Cost: $204,520 2 oS,ooo 

1900 metric tons (2100 tons) per day crystalline refinery 


Incremental Investment Cost: $661,926 
Total Investment Cost: $795,926" 
Total Yearly Cost: $2 fl 6 , 5T7 


(of? ,ooo 

-7 eiO ^00 o 

^ooO 


REDUCTION BENEFITS: An incremental reduction in BOD oi^pproximately 
^03 O-rTfr kilograms per metric ton (1 .TP pounds per 
ton) of melt and. in suspended solids of 
imately i^^f'ViTograms per metric ton (Srif- pounds 
per ton) of melt is evidenced over Alternative C. 

Total reductions of 76^ percent for BOO and 
percent for suspended solids would be achieved. 

Alternative E: Recycle of Condenser Water and Biological Treatment of 
BTowdowfT This Alternative includes, in addition to Alternative D, the 
recycle of condenser water follow^ biological treatment of a blowdown 
in an activated sludge unitT^ me olowadf/ri'is assumed to be approximately 
. -•'two percent of the total flow. Presently, there is one refinery using 
Vxa cooling tower and another utilizing a spray pond for the purpose of 
.V ^ recycling condenser cooling water. Recycle of condenser water accomplishes 
;^V'\two important things; (1) it cools the water, thereby removing the heat 
A normally discharged and (2) it concentrates the waste loadings into the 


ir . 
/ 


aoaition or ims aiiernacive are esiimavea to no Miuyioms 
metric ton ((MT^oOnds per ton) of melt for BOD and-Ore? kilograms per^ 
metric ton (^rt’tyo&rt’ds per ton) of melt for suspended solids. In 
addition, 665,000 kilogram calorics per metric ton (2.4 million BTU per 
ton) of melt are effectively removed from condenser water. 

There are a number of methods of recycling condenser water; for the 
purposes of this document, the following are considered: cooling towers 
and spray ponds. 

E-1: Alternative E with a Cooling Tower 

COSTS: 545 metric tons (600 tons) per day crystalline refinery 

Incremental Investment Cost: $6T5,435 ,000 

Total Investment Cost: $ 602,000 -^7/^/ 

Total Yearly Cost: $277,792 
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SCHEMATIC OF ACTIVATED SLUDGE SYSTEM 





LARGE CRYSTALLINE 
INVESTMENT COST ESTIMATE 
ALTERNATIVE D 


Item 


Cost* 

1 . 

6 Pumps 


$ 5,246 

2 . 

Primary Clarifier 


15,480 

3. 

Aeration Lagoon 


18,920 

4. 

2 Aerators 


48,160 

5. 

Secondary Clarifier 


18,920 

6 . 

Sludge Digester Lagoon 


6,880 

7. 

Holding Lagoon 


332,820 

8 . 

Pipes, Valves, Fittings 


10,320 

‘9. 

Wires, Controls, Lights 


21.500 



SUBTOTAL 

$478,246 

10 . 

Land 


68.800 

n. 

Engineering and Contingency 


114,880 



TOTAL 

$661 ,926 
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OPERATING COST ESTIMATE 
ALTERNATIVE D 

Item 

1. Labor 

2 . Electricity 

3. Maintenance 

TOTAL 


Cost* 

$100,173 

26,951 

30.088 

$157,212 


yearly cost estimate 

ALTERNATIVE D 


1. Yearly Investment Cost 

2 . Depreciation 

3. Yearly Operating Cost 

* August, 1971 Cost 


$ 26,477 
36,774 
157.212 

TOTAL YEARLY COST $220,463 
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SMALL CRYSTALLINE 
ALTERNATIVE D 
INVESTMENT COST ESTIMATE 


Item 

1. 6 Pumps 

2. Primary Clarifier 

3. Aeration Lagoon 

4. 2 Aerators 

5. Secondary Clarifier 

6 . Sludge Digester Lagoon 

7. Holding Lagoon 

8 . Pipes. Valves and Fittings 

9. Wiring Controls and Lights 

SUBTOTAL 

10. Land 

11. Engineering and Contingencies 

TOTAL 


Cost* 

$ 2.666 
10.320 
8.600 
25,800 
12.900 
3.440 
103.630 
5,160 
17.200 
189,716 
20,640 
44.175 
$254,531 






ALTERNATIVE D 
OPERATING COST ESTIMATE 


Item 

1. Manpower 

2. Electricity 

3. Maintenance 

TOTAL 

YEARLY COST ESTIMATE 
ALTERNATIVE D 


Cost* 

• $100,173 
6,936 
11,570 
$118,679 


1. Yearly Investment Cost 

2 . De[,eciation 

3. Yearly Operating Cost 

* August 1971 Cost 


$ 10,181 
14,140 
118,679 

TOTAL YEARLY COST $143,000 
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1900 n:ctric tons (2100 tons) per day crystalline refinery 

Incremental Investment Cost: $_ 

Total Investment Cost: $1 *464*0^ 

Total Yearly Cost: $ 4&9,927- i^yo^oo 

E-2: Alternative E with a Spray Pond 

COSTS: 545 metric tons (600 tons) per day crystalline refinery 

Incremental Investment Cost: $ 261 *435- 

Total Investment Cost: $ 1 

Total Yearly Cost: $ 266|332- 3-7<,o 

1900 metric tons (2100 tons) per day crystalline refinery 

Incremental Investment Cost: $ 543*005 <r^C,ooo 

Total Investment Cost: $^330,931* /j'z^t^ooo 

Total Yearly Cost: $ ^30 

REDUCTION BENEFITS: An incremental reduction in BOD of approximately 

__4 -^^ In nniinHc npr fnni u 


for BOD and 3^ percent for suspended solids would 
be achieved. 

A1terna tive F: Elimination of Discharge of Process Wastew aters. This 
Afternative assumes that, in addition to Alternative C, all process 
wastevwters are eliminated either by controlled retention and total 1m- 
poundaqe or by discharge to municipal treatment. The resulting effluent 
waste loading for BOD associated with this control level is estimated 
at 0.34 kilograms per metric ton (O.sy pounds per ton) of melt, that 
amount attributable to condenser cooling water. The suspended solids 
loading is zero as the only suspended solids-bearing waste stream 
has been eliminated. 

F-1: Elimination of Discharge of Process Wastewater 
by Containment 

Total impoundment of process Kastc^•.'ater is sucessfully practiced by two 
refineries; however, a considerable amount of land is required (see 
Tables 17 and 18, Path 13). Containment of process waste\;atcrs is, 
therefore, not considered to be practicable technology for urban crystal¬ 
line refineries. 


24 


A-28 


0227 







LARGE CRYSTALLINE 

INVESTMENT COST ESTIMATE 

ALTERNATIVE E-1 

• 

Item 

Cost* 

1 . 

6 Pumps 

$ 1,290 

2 . 

Primary Clarifier 

6,020 

3. 

Aeration Lagoon 

- 

4. 

2 Aerators 

- 

5. 

Secondary Clarifier 

6,880 

6 . 

Sludge Digester Lagoon 

- 

7. 

• • • • 

Holding Lagoon 

160,304 

8 . 

Pipe, Valves, Fittings 

5,160 

9. 

Wiring, Controls, Lights 

* 

• 

SUBTOTAL 

$179,654 

10 . 

Land 

34,400 

11 . 

Engineering and Contingency 

44,951 

12 . 

Cooling Tower (Land, Engineering, Contingency Included) 

400.000 


TOTAL 

$659,005 


P'. 
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OPERATING COST ESTIMATE 
ALTERNATIVE E-1 


Cost* 




Item 

1. Manpower 

2. Electricity 

3. Maintenance 

TOIAL 

YEARLY COST ESTIMATE 
ALTERNATIVE E-1 


$ 2.000 
54.589 
44,773 
$101,362 



1. Yearly Investment Cost 

2. Depreciation 

3. Yearly Operating Cost 


$ 26.360 
36.688 
101,362 

TOTAL YEARLY COST $164,410 


If • 
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SMALL CRYSTALLINE 
INVESTMENT COST ESTIMATE 
ALTERNATIVE E-1 


Itcn 

1. 6 Pumps 

2. Primary Clarifier 

3. Aeration Lagoon 

4. 2 Aerators 

5. Secondary Clarifier 

6 . Sludge Digester Lagoon 

7. Holding Lagoon 

8 . Pipe, Valves and Fittings 

9. Wiring, Control Lights 

P. W. SUBTOTAL 

10. Land 

11. Engineering and Contingencies 

12. Cooling Tower Installed (Includes Everything) 

TOTAL 


Cost* 

$ 774 

5,160 


4.300 ‘ 

60,630 

1,720 

4.300 
$ 76,884 

8,600 

17,951 

212.000 

$315,435 
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OPERATING COST ESTIMATE 
ALTERNATIVE E-I 


1. Manpower 

2. Electricity 

3. Maintenance 


1,500 
‘ 19,005 

22,601 

TOTAL' $ 43,106 

YEARLY COST ESTIMATE ^ 

ALTERNATIVE E-1 


1. Yearly Investment Cost 

2. Depreciation 

3. Yearly Operating Cost 


' $ 12,619 
17,547 
43,106 

TOTAL YEARLY COST $ 73,272 


W P. (+/•. 
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LARGE CRYSTALLINE 
INVESTMENT COST ESTIMATE 
ALTERNATIVE E-2 


Item 

• 

Cost* 

1. 

6 Pumps 


$ 1,290 

2 . 

Primary Clarifier 


6,020 

3. 

Aeration Lagoon 

% 

- 

4. 

2 Aerators 


- 

5. 

Secondary Clarifier 


6,880 

6 . 

Sludge Digester Lagoon 


- 

7. 

Holding Lagoon 


160,304 

8 . 

Pipe, Valves, Fittings 


5,160 

9. 

Wiring, Controls, Lights 

SUBTOTAL 

$179,654 

10 . 

Land 


34,400 

n. 

Engineering and Contingency 


44,951 

12 . 

Spray fbnd (Including Land, 

Engineering and Contingency) 

284.000 


TOTAL $543,005 

4 

SxK^r.iv. 


29 


A-33 


0232 



1. Manpower 

2. Electricity 

3. Maintenance 


OPERATING COST ESTIMATE 
ALTER?! AT IVE E-2 


2.000 


TOTAL 


YEARLY COST ESTIMATE 
AITERNATIVE E-2 


43.189 
36.373 
$ 81.5W 


1. Yearly Investment Cost 

2. Depreciation 

3. Yearly Operating Expense 


$ 21.720 
30.188 
81.562 


OTAL YEARLY EXPENSE $133,470 





\ 
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SMALL CRYSTALLINE 
INVESTMENT COST ESTIMATE 
ALTERNATIVE E-2 


Items 

1. 6 Pumps 

2. Primary Clarifier 

3. Aeration Lagoon 

4. 2 Aerators 

5. Secondary Clarifier 

6 . Sludge Digester Lagoon 

7. Holding Lagoon 

8 . Pipes, Valves and Fittings 

9. Wiring, Control Lights 

SUBTOTAL 

10. Land Cost (For A.S.) 

11. Engineering and Contingencies (For A.S.) 

12. Spray Pond Installed 

TOTAL 

SimX Pi IV. 


Cost 
S 774 
5,160 


4,300 ■ 


60,630 
1,720 
4,300 
$ 76,884 
8,600 
17,951 
148,000 
$251,435 
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OPERATING COST ESTIMATE 
ALTERNATIVE E-2 


I ten 

1. Manpower 

2. Electricity 

3. Maintenance 


P.lV. 

YEARLY COST ESTIMATE 
ALTERNATIVE E-2 


Cost 

$ 1.100 

19.005 

17.601 

$ 37.706 
\ ^ I 


1. Yearly Investment Cost 

2. Depreciation 

3. Yearly Operating Cost 


$ 10,059 
14.047 
37.706 


TCriAL YEARLY 

Sl.4 C. IV^-. 


COST $ 61.802 

MSif 
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DRAFT 


TABLE 2 ■ 

SUI^RY OF ALTERNATIVE COSTS FOR A 545 METRIC TONS 
(600 TONS) PER DAY CRYSTALLINE SUGAR REFINERY 



% S.S. 
Removal 


Investment 
Cost 


Total 
Yearly 
Operating 
Cost 


Total 

Yearly 

Cost 


B-1 

1.375" 


1.30 


33,600 

5,400 

B-2 

1.375" 

ay. 6 
1+r4- 

ncTvic 

ff? 

TTTw 

61,000 

36,700 

C 

1.16 

37. 3 
•247^ 

1. •3C» 

^.62- 


113,000 

55.600 

0 

• ^o.w3 

fs ^rr 

' V« *JU 



*JO*W 

368,000 

174,«»9- 

E-1 

■SiJ 

if'. 

^fUTW 

U • Uf"* 

Ji •tr 

-7t*4,0€>t> 

562,966 

^l9,ooo 

2T7t386 

E-2 

0.07 

'QrQ6 

if' 

yuTw 

p.o'sr' 

4r07 

yr • w 

618;966 

211t085 

F-1 

0.34 

ffi.y 

•7&r2 

0.0 

100 

1 .SP.OOO 

'70 .Oco 
cn' cer 


0.34 

IU*L 

0.0 

100 

-.113,000 

83,100 

6-1 

0.0 

100 

0 

• 

0 

100 

2,530,000 

114.4f6 

Arr47.^<f= 

0.0 

100 

0.0 

100 

325,000 

122,997 

'65*B6-'z- 

0.0 

100 

0.0 

100 


109,'676 


0.0 

100 

0.0 

100 

261,000 

117,597 



¥S‘,000 

AaLjiaa 

■l*f 

t^.ooo 

- 6 ^ 1 ^ 20 

VT.OOCi 

3 04 ^ 5 20 

3^3, OOO 
oeo 

2 66 v e3 2 

S-ft fOoo 

gT Ot A OO - 

89,020 

3ca,oof> 

351 . 4 05 - 


149,197 

340,00© 

137,737 
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TABLE 3 

SUMMARY or ALTERNATIVE COSTS FOR A 1,900 METRIC TONS 
(2,100 TONS) PER DAY CRYSTALLII.T. SUGAR REFINERY 


Total 

Yearly 

BOD % BOD S.S. % S.S. Investment Operating 

Alternative Load* Reinoval Load* Reniov a 1_Co sjt_ Cost 

I-fey c^.-hC 

A +r5r 0.0 ^.48- 0.0 


B-1 

1.37J 

B-2 

1.375' 

C 

1.16 

•D 

O.Q'i 

E-1 

o>ci 

E-2 


F-1 

0.34 


0.34 

G-l 

0.0 


0.0 

G->s-ar' 

0.0 


0.0 


mt 

1 

.Tr.ifT 

1 A .U 


f.3r> 

2rr^ 


■^■7.3 

-24^ 

1 

-8.-62- 

4'rT6" 

J \j %\J 

XT* V J 

-9874- 

114 

(1. o i»:s^ 

M7— 

97S- 

mi 

0 t'i'T 

,8v67- 

V-O 

-9^ 

9(-C- 

-tstt 

0.0 

100 


0.0 

100 

100 

0.0 

100 

100 

0.0 

100 

100 

0.0 

100 

100 

0.0 

100 


0 0 


66,000 

61,000 

134,000 

-l^(,,ooo 

7%;og6 

1, S'to Opo 
M.&4,g41 

/ “yi^, oc^o 

1 ' -i - ft r ft 1 

14,000 

87,000 

244,-245. 

-^Tf.ooc^ 

•345,574 

•JJC' CIO 

VTA 

1 


5,000,000 

137 400 

134,000 

183,250 

7,620.000 

245,000 

534,000 

276,200 

7,510.000 

'-2257StJ0- 

410,000 

256,400 


♦Waste Loadings in Kilograms per Metric Ton of Melt 


Total 

Yearly 

Cost 


0 

71 


75.984 

28 5 . -or 7 
yo coo 




^;'58 oo 

■S'/z'jOoo 

59 0.^1 4- 

171,304 


302 ,476 


918,00D 
271 ,592 


1 
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ALTERNATIVE D - Biological Treatment of Process ‘"'astes 


a. Waste Load 

Initial from Alt. C 
Assumed Reduction 

Remainder 


1.25 kg/kkg 
0 .78 " 

0.47 


h. 


Capital Cost - Exclusive of 
Carryover from Alt. C 
Biological Treatment 
Total 


Land 

$1,570,000 

850,000 

$2,420,000 


Note: Biological Treatment is to receive BOD of 0.82 kg/kkg 

@ approximately 400 gallon/ton raw (1.67M^/kkg) or 
850,000 gallon/day allowing for surge equalization. 
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4. Public Comments on Draft Development Document for 
Cane Sugar Processing Industry 




COST ESTIMATE 

BIOLOGICAL TREATMENT OF PROCESS WATERS 



Basis 1973 Preliminary Study for Soudiern Refinery 


Flow = 1.4 X 10^ GPD 


Activated Sludge System 


Aeration 

Clarification 

Flotation 

Digestion 

Filtration 

Sludge Disposal 

Contingencies 


Above excludes land 


$ 275,000 

232,000 
86, 000 
279,000 

193.500 

112.500 

$1, 178,000 
236,000 

$1,414,000 or $1/GPD 


of about 1 to 1.5 acres. 


For Model Refinery at 1 x 10^ GPD 
Cost = $1,000,000 
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5. Excerpts from Economic Analysis of Proposed Efflu¬ 
ent Limitations Guidelines, Cane Sugar Refining In¬ 
dustry, Milton A. David, Robert J. Buzenberg (October, 
1973) 



n. riKANCIAL PROFILE 


A. PUntt by Segment 


Because the cane s-igar industry is subject to a considerable amount 
of government control and allotments, marketing and regulations under 
the Sugar Art, ther: is a lot of financial data on cane production and 
milling which is aviilable through the Department ot Agriculture and 
the Sugar Division of the Agricultural Stabilization and Conservation 
Service. 

Unfortunately, the USDA cost studies exclude the cane sugar refining 
segment and therefore subsequent financial data was constructed from 
previous material in an earlier study entitled "Initial Analysis of Econ¬ 
omic Impact of Waiir Pollution Control Costs Upon U.S. Cane Sugar 
Industry," by ERS .fUSDA. In addition, other figures were obuined 
from the U.S. Cant- Sugar Refineries Association and from a partial 
economic study wh ch was done for that association by Robert R. Nathan 
and Associates of 'Washington, D. C. Finally, in addition to bringing 
this basic material of 1968 up to 1972, a complete reconstruction was 
made and all of the >e data were then checked with a number of industry 
sources represent! tg various sizes and locations of sugar cane refineries. 


1. Annual Profit 

Table 11-1 contains sales and earnings shown in model form for the 
two types, liquid and crysUlline, and the five sizes of cane sugar re¬ 
fineries. These daU were constructed from a number of sources and 
while none of the models are a real refinery, the overall effect does 
represent the industry. 

Table 11-2 are actual figures of industry totals submitted to the Cost 
of Living Council. For example, the industry-wide profit for 1972 of 
$20 million is close to the $25,000,000 industry profit that a weighted 
total of the five model plants would show. The former figure repre¬ 
sents 91 percent of industry and the latter figure is 100 percent. 


U-1 
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Actual industry profits for this timo poriod show a dramatic dsclina 
over the *71 to '73 years and indicates that there are companies 
experiencing losses. 

In the model plants the only segment to show a loss was the small 
rural refineries which included essentially the four refineries from 
Puerto Rico. 

Other than the refineries operating in Puerto Rico, there appears to 
be no segment by virtue of its size or location that shows loss. Rather, 
as will be shown later, the profitability of refineries and of their com¬ 
panies seems to be a function of management and the philosophy of man¬ 
agement that has been pursued over the years. 

% 

Table 11-3 showing the returns on sales and the returns on investment, 
however, indicates an industry with very low returns and taken as a 
whole, one that is not financially healthy and vigorous. 

2^_Annual Cash Flow-, 


Estimated annual cashflows (after tax earnings plus depreciation) is 
displayed in Tables 11-1 and 11-3. Positive cash flows were obtained 
for all configurations except the small rural Puerto Rican group. In 
the other four groups cash flows are similar and there appears to be 
no significant difference tor each of the four segments that do show a 
positive cash flow. 

3. Market (Salvage) Value of Assets 

Data appearing in an earlier economic studyshowed total asset 
values based on hundredweights of sugar produced. However, the 
data which was 1968 data, did seem to have a large margin of error. 
Therefore, in this analysis, the figures are based on interviews with 
knowledgeable industry people representing a broad section of the re¬ 
fineries themselves and are based on 1972 figures. 


2.^ "Initial Analysis of the Economic Impact of Water Pollution Control 
Costs Upon the U.S. Cane Sugar Industry." USDA - ERS, Bruce J. 
Walter and Peter M. Emerson. 
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Estimated Model Plant Investment 


The data shown here in Table II-4 are projected to be the book values 
for various model plants based on 1972 figures.* Liquid refineries have 
somewhat less of an investment than the crystalline refineries due to a 
simplified process and a practice which is quite common in liquid 
refineries - that of using higher value raw sugar. The refining 
process is not faced with the removal of as large a percentage of 
impurities as is necessary in most crystalline refineries that operate 
with the world sugar. Even though these basic plants are 50 years 
old, the machinery and equipment and its value is current due to 
modernization and continual replacement. The land values are based 
on original purchase prices and. therefore, are book values as com¬ 
pared to. replacement values which probably would be higher. From 
these data, it appears as a rule of thumb that the depreciable assets 
or equipment represent approximately one-third of the total investment 
in the operation. 

Salvage Values 

In looking at salvage values as well as investment values, the individual 
plants were considered on their own merits rather than being pa rt of a 
multi-plant company. Inasmuch as only one company operates five 
refineries, the rest basically operate one refinery and it was felt that 
the individual unit should be considered. Under multi-plant operations 
in the refinery business, however, the working capiUl is combined for 
the company rather than operated for individual mills and might show a 
somewhat different arrangement for salvage value than has been indi¬ 
cated here. 

In estimating salvage values in Table II-4, the rationale used was 
that net working capital is considered a current asset and therefore 
fully recoverable. Depreciable assets, building and equipment, are 
shown to be recoverable at approximately 10 percent of the book value, 
for land, it is felt that book values represent market value in a very 
conservative appraisal. 


I 
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/' 


C ost St ructur* 

^--S=s“5SH“ 


Northeast 
Chicago and West 
Gulf 

Southeast 
Pacific 
Average U.S. 


$13.09 

12.00 

12.14 

12.74 

11.65 

12.29 


rH«.?Thry‘:.*4“„omI"” "‘T'’"'" ■ 

-11 ^ ^ *^om them due to discounts and v'arioua tra<4» 

hlJI“whol.f*u rrrcf‘j;r,!mn‘ "’f"'"' ‘1“ 

.. th., primTily lo’c.ttd in Ihi. * ““ 

to'“N.rv;T.X"c‘:.'whic°K 

Ui...... oi mivrdnir. 

Raw Cane Spot-Price>World $8.53 
Raw Cane Spot-Price-Domestic 9.09 

d»..“rc‘‘.;;‘*/.£:“d: ir™’' '»■»««>' 

a- high.., „„ prtc. .. p., h»dr.dw.uh.’,o?“'j. pi:!‘.r 

TsTzilVlt ‘ *■”■ “l-i-' PUnU 

co.t to produc, linilid Th. U-.i.r., 1... 
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Table V-4. Cane sug^r refineries, code, capacity and classification 


Code 

Capacity 
ton/day 

Type of Refinery 

Classification —^ 

C-1 

2,600 

. Crystalline 

4 

C-2 

2, 100 

II 

4 

C-3 

3.250 

If 

4 

C-4 

2. 100 

If 

4 

C-5 

1,000 

II 

4 

C-6 

190 

II 

2 

C-7 

3,500 

II 

4 

C-« 

1,500 

• II 

4 

C-9 

2,000 

II 

4 

C-10 

1,200 

II 

4 

C-11 

1,500 

II 

3 

C-12 

350 


2 

C-13 

1,700 

II 

3 

C-14 

2,200 

II 

4 

L-I 

300 

Liquid 

1 

L-2 

800 

• 1 

1 

L-3 

850 

11 

1 

L-4 

390 

11 

1 

L-5 

100 

fl 

1 

CL-l 

1,800 

C rys ta lline - Liquid 

4 

CL-2 

820 

»l 

4 

CF-1 

460 

Ref.-Mill 

2 

CF-2 

700 

II 

3 

CF-3 

660 

II 

2 

CF-4 

700 • 

II 

3 

CF-5 

220 

II 

2 

CF-6 

600 

It 

2 

CF-7 

400 

II 

2 

CF-8 

700 

11 

2 


— Classification refers to model segment: 

1 • Liquid 

2 - Small rural crystalline 

3 - Large rural crystalline 

4 - Urban crystalline 
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economically achievable - 1972 date 
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Excerpts from Development Document for Proposed 
Effluent Limitations Guidelines and New Source Per¬ 
formance Standards for the Cane Sugar Refining 
Segment of the Sugar Processing Point Source Cate¬ 
gory, EPA (December, 1973) 


BODg 0.54 kg/kkg 
(1.08 Ib/ton) 


Flow: 


33.4 m^/kkg 
(8000 gal/ton) 


Procist Water 

BOO 5 0.82 kg/kkg (1.64 Ib/ton) 
TSS 1.30 kg/kkg (2.60 Ib/ton) 


Flow: 


1.46 

(350 gel/ton) 



filter Cake Slurry 

BOD 5 0.18 kgAkg (0.36 Ib/ton) 

TSS 0.56 kg/kkg (1.12 Ib/ton) 


Flow: 

:_ J 

0.26 m^/kkg 
(60 gal/ton) 


Flow: 

36.1 m^/kkg 
(8410 gal/ton) 

r 



Die charge 

BOD 5 I M kg/kkg (3.08 Ib/ton) 

■ TSS 1.86 kg/kkg (3.72 Ib/ton) 



Figure 18 

WATER USAGE FOR THE 
MODEL CRYSTALLINE CANE SUGAR REFINERY 
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tention of the assumed two percent blowdown. This 
technology requires that large quantities of land be 
available and is not judged to be available technology 
for urban refineries. It is a current practice of 
three refineries, all rurally located. Reduction in 
water usages of 88 percent for liquid refineries and 
94 percent for crystalline refineries results, over 
Alternative F. 

icific features of the recommended best practicable control technoloov 
rently available (EPCTCA) for the two subcategories are; 

lontainment of filter mud slurry or dry handling of filter cake with 
id disposal. 

revention of spillage during raw sugar handling, unloading and 
rage. ^ 

I ntrainment prevention in evaporators and pans through baffling, 
separators, dimisters, and utilization of the proper height 
the vapor belt. ^ 


jaximum reuse of all general waste streams, i.e. - floor and equipment 
I screen washes. (At present some refineries recycle 

jentially all floor and equipment washes back to the process.) 

iological treatment of process waters by activated sludge or 
livalent biological treatment system. 

se features are the equivalent of Alternative D as discussed 
viously. 

effluent limitations guidelines were established on the following 
I®®* , been determined that sucrose entrainment in the 

ometric condenser cooling water, at the flows chosen for the model 
fineries, can be reduced to the equivalent of 10 mg/1 eod 5 for both 
^stalline and liquid refineries, it has also been determined that 
|cess water can be treated to the extent that the resulting effluent 
[thly average waste loadings from the activated sludge system are 30 

^ crystalline cane sugar refinery, and 

^mg/1 BOD| and 60 mg/1 TSS for the liquid cane sugar refinery. The 

attributed to the barometric condenser cooling 
process water results in the limitation guideline. 

I TSS limitation guidelines is that amount attributable to the process 
•er. ^ 


cific features of the recommended best available 
nomically achievable (BATEA) for the two subcategories are 


technology 
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--Those features considered to be best practicable control technology 
currently available. 

--Recycle of barometric condenser cooling water for condenser or other 
in-plant uses with recycle of the blowdown stream to biological 
treatment. Cooling devices (canals, ponds, or towers) are in integral! 
part of a barometric condenser cooling water recycle system. 

—The additon of sand filtration of the effluent from the activated 
sludge or equivalent biological treatment system. 


from 


activated 


These features are the equivalent of Alternative E as discussed 
previously. I 

The effluent limitations guidelines were established on the following 
bases. The activated sludge system which treats the process water of 
the model refineries has been expanded to handle the blowdown strearr 
from the coding device utilized in recycling barometric condenser 
cooling water. The effluent levels from the activated sludge system are 
the same as those designed for in the treatment of process water 
(EPCTCA). The Effluent limitations guidelines reflect the level of 
treatment attriouted to the further solids removal as a result of sand 
filtration. It has been determined that at the effluent waste loading 
entering the sand filtration units from the activated sludge system, a 
resulting inonthly average waste loading from the sand filtration units 
of 15 mg/1 TSS can be easily achieved. The effluent limitations 
guidelines are established to reflect a value of 15 mg/1 TSS and that 
amount of BOD5 removed with the solids. These effluent levels are 
determined to be 28 mg/1 BOD5 for the liquid refinery and 18 mg/1 E0D5 
for the crystalline refinery. 

Specific features of the recommended best available demonstrated control 
technology, processes, operating methods or other alternatives (NSPS) 
are: 

--Those features considered to be best available technology economically 
achievable. 

These features are the equivalent of Alternative E as discussed 
previously. 

The effluent limitations guidelines are further developed and the ccsts 
of application of the various treatment alternatives are presented in 
Section VIII, Cost. Energy, and Non-Water Quality Aspects. 

Es tablish ment of Da ily Average Effluent L imitations Guidelines 

Based on engineering judgement and an evaluation of what can be achieved 
by the application of activated sludge for the treatment of cane sugar 
refining waste waters, daily average limitations have been established. 




A-96 


80 

***** 






7. Excerpt from Proposed Effluent Limitations Guide¬ 
lines and Standards for Performance and Pretreatment 
Standards for the Crystalline, Cane Sugar and Liquid 
Cane Sugar Refining Subcategories of the Sugar Pro¬ 
cessing Industry, 38 F.R. 33846 (Friday, December 7, 
1973) 
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PROfOSED RULES 


ENVIRONMENTAL PROTECTION 
AGENCY 
(40CFRI>«it409] 

CRYSTALLINE CANE SUGAR AND LICUIO 

CANT. SUGAR RCfINING SUHCATi:- 

CORIES 

fropo«Ml Effluvirt Limitations Guidelines 

NoUro ta hereby Riven that clHtiont 
limitations guldellne.s for exL^ting fourcca 
Mtl slandarcLi of performance and i>rc- 
treatment standards for new sources set 
forth In tentative luim below arc pro> 
posed by the Envii'onmcnlal Protection 
Agency (EPA) for tire crystalline cane 
sugar refining subcategory (Subpart B> 
and the liquid canc sugar reflnUiff sub¬ 
category (Subparl C) of the sugar 
processing category of point sources pur¬ 
suant to sections 301, 304 (b) and <c>, 
S00(b> and 307(c) of the Federal Water 
PcdluUon Control Act, as amended (33 
UjBX:. 1351, 1311, 1314 (b) and (c). 
lS16(b>,and 1317(c); SOStat.816etseq.; 
Pub. L. 03-S00) (the "Act”). 

(a) VtncX authoritp —(1) ’ Existing 
point sources. Section 301(b) of the Act 
requires the achievement by not later 
tt\»a July 1, 1677, of effluent limitations 
for point sources, other than publicly 
owned treatment works, which require 
the application of the best practicable 
eontrol technology currently available as 
defined by the Administrator pursuant to 
aection 304(b) of the Act. Section 301(b) 
also requires the achievement by not later 
than July 1, 1683, of effluent limitations 
for point sources, oUier than publicly 
owned treatment works, which require 
the application of best available tech¬ 
nology economically achievable which 
will result In reasonable further prog¬ 
ress toward the national goal of elimi¬ 
nating the discharge of all pollutants, as 
determined In accordance with regula¬ 
tions Issued by the Administrator pur¬ 
suant to section 304(b) of the Act. 

(3) Section 304(b) of the Act requires 
tbs Administrator to publish regulations 
providing guidelines for effluent limita¬ 
tions setting forth the degree of effluent 
reduction attainable through the appli¬ 
cation of the best pr.'U'ticable control 
technology rurrenUy available and the 
degree of eRluent reduction attainable 
through the application of the beat con¬ 
trol measures and practices achievable 
Including, treatment teclmiquea, process 
and procedure Innovations, operating 
methods and ether alternatives. Tlie reg- 
Blatlons proposed hereiit set forth effluent 
limllalioiis guidelines, pursuant to sec¬ 
tion 3()4(b) of Uie Act. for Ute crystalline 
cane sugar reftiUng subrntegory (Sub¬ 
part B) and the Uqiikt rone augar refin¬ 
ing subcategory (Subi>arl C>, of the sugar 
proceMing cat^ory. 

(3) New Momreet. Section 306 of tho 
Act requires the arhievement by new 
sources of a Federal standard of i>cr- 
formance providing for the cwilrol of 
the discharge of pollutants which retlerts 
the r.reatest degree of effluent reduction 
which Uie Administrator determines to 
be achievable thnnKrli application of Uie 
best available demonstrated control tcch- 
nolosy, processes, otieratlng methods, or 
other alternatives. Including, where 


nouAi 


practicable, a standard iicrmttUng no 
discharge of pollutants. 

Section 30C(b)(l)(D) of the Act re¬ 
quires the Administrator to propose rog- 
ulatloos establishing Federal standards 
of perfomiunccs for entcrsorlca of new 
sources Included In a list published pur¬ 
suant to section 306(b) (1) (A) of the Act. 
The Administrator published In the fto- 
ERAL Rrcistes of January 16, 1073, (36 
FR 1624) a list of 37 source categorlct, 
Including the sugar processing category. 
The regulations proposed herein set forth 
the standards of performance applicable 
to new sources for the crystalline cane 
sugar reilning subcategory (Subpart B) 
and the liquid cane sugar refining sub¬ 
category (Subpart C), of the sugar 
processing category. 

Section 307(c) of the Act requires the 
Administrator to promulgate pretreat¬ 
ment slandaros for new sources at the 
same time that standards of performance 
for new sources are promulgated pur¬ 
suant to section 306. Sections 409.35 and 
40945 proposed below provide pretreat¬ 
ment standards for new sources within 
the crystalline cane sugar refining sub¬ 
category (Subpart B) and the liquid cane 
sugar refining subcategory (Subpart C). 
of the sugar processing category of point 
sources. 

Section 804(c) ot the Act requires the 
Administrator to issue to the States sod 
appropriate water pollution control 
agencies information on the processes, 
procedures or operating methods which 
result In the elimination or reduetkm of 
the discharge of pollutants to implement 
standards of performanee under section 
306 of the Act. The repmt or Develop¬ 
ment Document referr^ to briow pro¬ 
vides, pursuant to section 304(e) of the 


Act. Information on such processes, pro¬ 
cedures. or operaUiiK methods. 

(b) Summary and batlt of jtroposiCd 
effluent Itmttation* ffuldelinet for exist¬ 
ing Mourcee and slandardt of pe.Ttorm- 
ante and pretrealment ilandardt for 
new sources—(1) Oeneraf methodology. 
7110 effluent UmIUiUons guidelines and 
standards of performance proposed here¬ 
in were developed in the following mosi- 
nor. General information was obtained 
on all plants and detailed Information 
was collected for 28 (07 percent) of the 
30 domestic cane sugar reflnerles Identi- 
fled as currently in operation (see Table 
1 below). 7^ sources and t)rpes of In¬ 
formation consisted of: 

AppUcaUona to the Corps of Engineers 
for permits to discharge under the Ref¬ 
use Act Permit Program (RAPP) which 
were obtained for 24 refineries provided 
data on the characteristics of intake 
and effluent waters, water usages, waste 
water treatment and control practices 
employed, dally production, and raw ma¬ 
terials used. 

A questionnaire previously submitted 
to 17 reflnerles by the United States Cane 
Sugar Reflnerlea Association. 

On-slle inspections of 16 reflnerles 
provided Information on process dia¬ 
grams and related water usage, watee 
management practices, and control and 
treatment practices. 

Four reflnerles were sampled to verify 
the accumulated data. 

Other sources of Information Included: 
Personal and telephone Interviews and 
meetings with regnal EPA penonnti, 
industry personnel, snd consultants; 
State permit applications; Internal data 
supplied by industry; snd a review and 
evaluation of the available literature. 
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TTie reviews, analysea, end evaluations 
were coordinated and applied to ths 
following: 


An tdentlflcatlon of dUUngulahJng fea¬ 
tures Uiat could potcnUallr provide a 
bails for subcategoiixatlon of tho In- 
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dustry acgment. TheM features included 
raw material quality, ace and size ot the 
refinery, nature of water supply, process 
employed, and product produced. 

A determfnatlon of the water usace 
and waste water characteristics for each 
subcatcgory, Includlnc the volume of 
water used, the sources of pollution in 
the plant, and the type and quantity of 
eonstituents in the waste waters. 

An Identification of those coiuUtucnte 
which are characterlsUc of the industry 
and determined to be pollutants subject 
to emuent limitations culdelines atul 
standards of performance. 

An IdeoUflntlon of the control and 
treatm«it technologies presenUy em¬ 
ployed or capsd>le of being employed by 
the refining Industry, Including the efflu¬ 
ent level attainable and associated 
treatment efficiency related to each 
technology. 

An evaluatioa of the cost associated 
with the application of each control and 
treatment technology. 

The results of this analysis indicated 
that throe refiiterles are currently 
schleving no discharge of pollutants to 
navigable waters by means of land re¬ 
tention. two refineries discharge all proc. 
BBS wastes to municipal treatment sys¬ 
tems. and ten additional refineries 
[tischarge all wastes except barometric 
Bondenser cooling water to municipal 
lystems. The majority of the remaining 
Fourteen plants partially treat waste 
waters. 

The pretreatment standards proposed 
herein are Intended to be complementary 
to the pretreatment standard proposed 
For existing sources under 40 CFR Part 
128. The basis for such standards are set 
Forth in the FCobsal Ricistxs of July 19, 
1978, 88 m 19236. The provisions of 
bmt 128, except for 1 128.133, are equally 
applicable to sources which would con- 
itltute “new sources” under section 308 
sf the Act if they were to discharge pol¬ 
lutants directly to navigable waters. Sec- 
tkm 128.183 provides a pretreatment 
itandard for “Incompatible pollutants" 
vhlch requires application of the "best 
Brmcticable control technology currently 
available," subject to an adjustment for 
luantltles of pollutants removed by the 
yubllcly owned treatment system. Since 
he pretreatment standards proposed 
herein apply to new sources, 11409.25 
and 409.35 below amend 1 128.133 to re- 
luire application of tlae standard of per- 
Formance for new sources rather than 
the "best practicable" standard appll- 
»ble to existing sources under sections 
101 and 304(b> of the Act 

(2) Summary of conclusions with re- 
tpect to the crystallhae cone sugar refin¬ 
ing subcategory (Subpart B) and the 
liquid cane sugar refining subcategory 
iSubpart C), of the sugar processing 
category of point sources. 

(i> Cofegorfsation. For the purpose of 
sstabllshlng effluent limitations guJde- 
ines and standards of performance, the 
sene sugar refining segment of the sugar 
processing category has been divided into 
;wo subcategorics: 


(1) Subpart O. Crystalline CJane Sugar 
Refining Subcategory: This subcategory 
includes those refineries which process 
raw sugar into a crystaUlne refined sugar 
product. 

(2) Subpart C. Liquid Cane Sugar Re¬ 
fining Subcategory: This subcategory in¬ 
cludes those refineries which process raw 
sugar into a liquid refined sugar product. 

Factors such os age and size of plant, 
raw material quality, nature of water 
supply, and process employed as alTect- 
Ing waste water constituents and waste 
control and treatment technologies sub¬ 
stantiate this determination. 

(11) Watte characterMict. The known 
significant pollutant properties or con¬ 
stituents of waste waters resulting from 
cane sugar refining Include biochemical 
oxygen demand, suspended solids, mad 
pH. Other parameters considered to be 

less significance are chemical oxygen 
demand, temperature, total dissolved 
solids, and nutrients. 

(Hi) Origin of waste water pollutants 
in the cane sugar refining segment of 
the sugar processing category. 

Major Inplont water uses resulting in 
waste water streams are barometric con¬ 
denser cooling water, filter cake slurry, 
char wash water, floor wash water, car¬ 
bon sliUTles, truck and car wash, and Ion- 
exchange regeneration water. The filter 
cake stream may be handled separately 
in either a dry or slurry form. These 
waste water streams are referred to as 
“process waste water”. The filter cake 
slurry, char wash water, floor wash 
water, carbon slurries, truck and car 
wash waters, ion-exchange regeneration 
water, and other miscellaneous waste 
water streams are called "process water". 
The “process water”, together with the 
barometric c(mdenser cooling water, con¬ 
stitute the "process waste water". 

(iv) Control and treatment technotogy. 
The control and treatment technologies 
which are available Include in-plant con¬ 
trol techniques and end-of-process 
treatment technologies. Inplant control 
measures Include the minimization of 
intake water by maximum reuse of waste 
waters In the process (by such means as 
sweet water recovery and condensate 
utilization) and entraument prevention 
in barometric condenser cooling water. 
The principal end-of-process treatment 
methods include filtration techniques to 
remove solid material, disposal of excess 
wMte water in holding ponds and waste 
stabilization lagoons, discharge of proc¬ 
ess waste waters to municipal treatment 
systems, and treatment of process waste 
skaters by activated sludge or otlier 
equivalent biological treatment tech¬ 
nique. 

The three major sources of waste re¬ 
sulting from cane sugar refining are fil¬ 
ter cake, process waters, and barometric 
condenser cooling water. Total waste 
loadings for: Crystalline cane sugar re¬ 
fineries are—1.54 kg BOD5 per kkg (3.08 
lb BODS per ton) of melt and 1.86 kg 
IBS per kkg (3.72 lb TbS per ton) of 
melt: liquid cane sugar refineries are— 
3.43 kg BODS per kkg (6.8C lb BODS per 
ton) of melt and 1.56 kg T3S per kkg 
(8.12 lb TBS per ton) of melt. Table 2 U 


a summary of waste loadings resulting 
from the appitcntlon of certain tre.it- 
ment altemaUvcs, using no treatment 
(AltcmaUve A) os a baseline. Filter cake, 
resulting from the clarification of melt 
liquor, can be disposed of without dls- 
c)iarge to navigable waters by controlled 
impoundage of the filter slurry or dry 
handling of the filter cake (Alternative 
B). Alternative C Involves the addition 
of demisters and external separators to 
reduce entrainment of sucrose Into baro¬ 
metric condenser c(x>llng water. Alterna¬ 
tive D involves, in addition to Altera¬ 
tive C, an activated sludge system to 
•treat proceas waters. /.Itemative E In¬ 
volves, In addition to Alternative D, the 
recycle of barometric condenser cooling 
water through a cooling device with bio¬ 
logical treatment of the assumed two 
percent blowdown and incorporates sand 
filtration of the effluent from the acti¬ 
vated sludge system to further effect 
solids removal. Alternative F, in addition 
to Alternative C, allows for no discharge 
of process water by total impoundage of 
this waste stream. Alternative O Involves, 
in addition to Alternative F, a recycling 
of barometric condenser cooling water 
through a cooling device and total reten¬ 
tion of the assumed two percent 
blowdown. 
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(V) Control and treatment technology 
within tubcategories. Waste water con¬ 
trol and treatment technologies have 
been studied for each subcategory of the 
cane su^ar refining segment to determine 
what Is (1) the best practicable control 
technology currently available (BPC 
VCA). (11) tlie best available technology 
economically achievable (BATEA), and 
(Hi) the best available demonstrated 
control technology, processes, operating 
methods or other alternatives (NSPS). 
Because of the similarity in waste water 
streams resulting from cane sugar re¬ 
fining, the technologies of treatment and 
control arc the same for both 
subcategories. 
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Ki>octflc fcitlui'iv, of the recoiniiicTulud 
iK'ul pracltc&bli! technology cur¬ 

rently Hvallaljlr dU’ClXIA) tor tlic two 
•ubcutCKorlCH ere: 

ContMlinncnt of filter mud idurry or 
dry hitudlinR -of (liter cake with land 
dUpoeal. 

Prevention of N|>iUa8e during raw 
•ugar handlliiR, unloading, and ctorage. 

Bntraliuncnt hrcvcntlon in evupora- 
Ion and pans through baffling, cen¬ 
trifugal aeparalors, demUten, and uUll- 
latlon of the propr' eight of the vapw 
bdt. 

Maaimum reuse of all general waste. t:ry^lullHlPc■iM'•l«wreJ7liiV>g! 
streama t.e. floor and equipment wastes, 
filter screen washes (at present some 
refineries recycle essentially ail floor and 
equipment washes back to the process). 

Biological treatment of process waten 
by activated sludge or equivalent bio¬ 
logical treatment system. These features 
are the equivalent of Alternative D as 
presented In Table 2 above. 

Spedfle features of the recommended 
best available treatment economically 
achievable (BATEA) for the two sub¬ 
categories are: 

Those features considered to be best 
practicable control technology currently 
available. 

Recycle of barometric condenser cool¬ 
ing water for condenser or other In-plant 
uses, with recycle of the blowdown 
stream to biological treatment. Cooling 
devices (canals, ponds, or towers) sre 
an Integral part of a barometric con¬ 
denser cooling water recycle system. 

The addition of sand filtration of the 
effluent from the activated sludge or 
equivalent biological treatment systepr. 

These features are the equivalent of 
Alternative E m presented In Table 2 
above. 

Speclflc features of the recommended 
best available demonstrated control tech¬ 
nology, processes, operating methods or 
other alternatives (KBPS) are: 

Those features considered to be best 
avallsble technology economically 
achievable. 

These features arc the equivalent of 
Alternative E as presented In Table 2 
above. 

Effluent Umitalions guidelines end new 
source performance standards for the 
two subcategorles, crystalline cane sugar 
reflnlng and liquid cane sugar rcfliUng, 
which reflect (i> the best prortirable 
control technology currently svntiuble 
(BPCTCA), (II) the best available 
Iccimology economically achievable 
(BATEA), aivl (111) the best available 
dfinonstrated runtrol'tcehnology, proc¬ 
esses. operating methods or other alter- 
ftatlves (NSFS) are given in Table I 
below: 


Tssts a-IiHYIMMKHIiSS BmmcT (.IMtTATKiMS aMD iTAMaAIIM M PcsKtSSANrl 


LIMITATIONS-ksAki a( MKI.T 


DI'CTOA 


1*11 fur lioih ftuUcftUsorlrf nhali bo within tho mnft of 4.0-9A 

(Vi) Cost estimates for control of based on actual design estimates tor 
waslo water pollutants. crystalline cane sugar reflnerles with 

The following Tables 4a and 4b set capacities of 545 kkg (600 tons) and 1000 
forth the total estUnated capital and kkg (2100 tons) of melt per day, and 
yearly costs associated with the applies- also for a liquid cane sugar reflnery with 
lion of the aforementioned control and a capacity of 508 kkg (560 tons) of melt 
treatment alternatives. These costs are per day. 

TAiii.r 4A—CtrMDiATivi EtriuATicn OAfRAt AMD Total Ysaalt Com AanoaATsn Wim tbs AmjCAtuMi ot 
VAAiova Tscathiimt AiTsasATiTSt TO CsTtTAiLns Cams Suoas Rsmiaa Wastsa 


IMOkkf 


CsgtM Ytorly OastUI Y*actr 


Taaik 4B—Cosolatits Katihatsd CAnTAL AKD Total Ysaslt Com AMoaATto Wrra tbs ArruCATioB or 
Vasiow Tacatbsht ALTSsaATiTtA TO Usno Cass Sosas Ksnsiss Waatba 


CasIUI YAsriy 


The cost flguns presented above were (Iv) discharge of process water. Percent 
derived from actual cost data on existing reduction of BOD5 and suspended solids 
plants and oUmt cost estimates for equip- (T8S) indicates the cumulative percent 
ment, facilities, piping, excavation, land, of waste load reduction relative to the 
and oUier related items associated wltli total potential BOD5 and suspended 
pollution contnd measures. The following solids loadings associated with cane 
features were asstimed with regard to sugar reflnlng. 

operation and pollution reduction prac- The cost of attaining the recommended 
ticcs of the average-slxcd small (645 kkg) treatment levtls are: 
and large (1600 kkg) crystalline cane (1) CrysUUlne Cane Sugar Reflnlng— 
sugar rrflnerlea and avcrage-slsed liquid The total estimated capital cost to in- 
(508 kkg) cane sugar reflnery, and np- dustry to achieve Uie recommended (1) 
piled lit arriving at Uie above cost flg- best practicable control technology cur- 
urex: (t> Discharge of dlatomaceous rently available (Alternative D) is $4.7 
earth Alter slurries; (11) sufficient en- mUlion and (11) best available technology 
tniliimcnt controls to result In an en- economically achievable (Alternative E) 
tniiniiumt level of 16 mg/1 of BOD$ In is $14.2 million. 

bnronutrlc condenser cooling water for (j) Uqujd cane Sugar Reflnlng—The 
crysUilllne refineries and 33 mg/l of total estimated caplUl coat to Uidustry 
BODS In barometric condenser cooltog to achieve Uie recommended (1) best 
water tor liquid reflnerles; (111) no re- prncUcable control technology currenUy 
cycle of condenser cooling water; and available (AlternaUve D) is 60J2 million 
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and (U> bMt ftvftilAbto technology eco* 
Domically •chlevebl* (AllemaUve E) le 
lOJ million. 

(vli) Eitabllchlng <Ully average llmlta* 
tlone. Baaod on engineering judgment 
and an evaluation of what can be 
achieved by the application of activated 
eludge for the treatment of cane sugar 
reftnlng waste waters, daily average llml* 
tattons have been established. These 
were determined to be three and three 
and one-half times the monthly average 
limitations for BODS, and four and four 
and one-half times the montlily average 
limitations for total suspended solids for 
the crystalline cane sugar refining suh- 
eategory and the liquid cane sugar re ¬ 
fining subcategory, respectively. 

(vlli) Non-water quality aspects o/ 
poOtttton control. Principal non-water 
quality aspects associated with the pro¬ 
posed water-related pollution control 
techiudogles recotrunended herein are 

(1) the additional energy requirements to 
qUect this control, (11) solid waste re¬ 
moval. and (lii) air quality relating to 
the use of cooling towers. 

Added energy required for the opera- 
tloD of treatment facilities to achieve the 
recommetuied best practicable control 
technology currently available amounts 
to; 

0.S4 percent of the total subcategory 
energy requirement for crystalline cane 
lugar refining, and 

0.6 percent of the total subcategory 
isiergy requirement for liquid cane sugar 
refining. 

Additional energy required to achieve 
the recommended best available tech¬ 
nology economically achievable amounts 
lo: 

6.1 perent of the total subcategory 
tnergy requirement for crystalline cane 
ugar refining, and 

1.0 percent of the total subcategory 
nergy requirement for liquid cane sugar 
wfinlng. 

Both the removal of solid material 
^rom Incoming raw cane sugar (In the 
Form of filter cake) and the biological 
natment of refining wastes generate 
mild wastes which must be disposed of 
tt the plant site or to land-fill areas. It 
ihould be noted that these are not has- 
trdous materials and that technology 
slsts for the land disposal of these solid 
vastes. 

Spray drift from cooling towers and 
ipray ponds can present problems, par- 
Icularly in urban areas. This problem 
um be reduced by proper control and de- 
ilgn, and probably can be eliminated for 
noet wind conditions. 

(lx) tconomie Impact analytU. The 
■tlmated investment costs for 1977 
■ange between 0.9 and 1.9 percent of cur- 
«nt fixed Investment depending on tlie 
ype of plant, size, and location Annual 
osts for the 1977 standards vary from 
1.08 to 0.5 percent of 1972 sales. For the 
983 standards, the required Investment 
anges from 1.9 to 1.9 percent of fixed 
nvestment, and annual costs are tetween 
1.12 and 0.65 percent of 1072 sales. 

’ITtcse costs do not appear to seriously 
hreaten the economic viability of the In- 
lustry. Although the proposed limita¬ 


tions adll have a negligible effect on 
prices, the 1977 standards could threaten 
from three to six plants In Uie Industry. 
These plants represent between six and 
twelve percent of current Industry pro¬ 
duction. However, looking at the entire 
sugar processing industry, it Is felt that 
the long-term supply of sugar would not 
be greatly affected. These potential plant 
closures should not result In any signifi¬ 
cant employment or community effects. 
For 1983 it has been estimated that no 
additional closures would occur. Further¬ 
more. neither the 1977 nor the 1983 
standards are expected to have any 
noticeable effects on industry growth or 
the balance of trade. 

A report entitled "Development Doc¬ 
ument for Proposed Effluent Limitations 
Guidelines and New Source Performance 
Standards for the CANE SUGAR RE¬ 
FINING Segment of the Sugar Proces¬ 
sing Point Source Category" which fur¬ 
ther describes the analysis undertaken In 
support of the regulations being proposed 
herein is available for inspection In the 
EPA Information Center. Room 227, 
West Tower, Waterside Mall, Washing¬ 
ton, D.C., at all EPA regional offices, and 
at State water pollution control offices. 
A supplementary analysis prepared for 
EPA of the possible economic effects of 
the proposed regulations la also available 
for inspectUm at these locations. Copies 
of both of these documents are being 
sent to persons or institutions affected 
by the proposed regulations, or who have 
placed themselves on a mailing list for 
this purpose (see EPA's Advance Notice 
of Public Review Procedures. 38 FR 
21202, August 6. 1973) An addlUonal 
limited number of copies of both reports 
are available. Persons wishing to obtain 
a copy may write the EPA Information 
Center. Environmental Protection 
Agency, Washington. D.C. 20460, Atten¬ 
tion: Mr. Philip B. Wlsman. 

(c) Summary of public participation. 
Prior to this publication, the agencies 
and groups listed below were consulted 
and given an opportunity to participate 
in the development of effluent limitations 
guidelines and standards proposed for 
the cane sugar refining segment of the 
sugar processing category. All participat¬ 
ing agencies have been Informed of proj¬ 
ect developmcnU. An Initial draft of the 
Development Document was sent to all 
participants and comments were solic¬ 
ited on that report. The following are the 
principal agencies and groups consulted: 

(1) Effluent Standards and Water Qual¬ 
ity Information Advisory Committee (es¬ 
tablished under Section 515 of the Act); 

(2) all State and U5. Territory Pollu¬ 
tion Control Agencies; (3) UB. Depart¬ 
ment of Health. Education, and WeUare; 
(4) UB. Department of Commerce; (5) 
UB. Department of Agriculture; (6) 
UB. Department of the Interior; (7) 
U.S. Department of the Treasury; (8) 
Water Resources Council; (9) United 
States Cane Sugar Refineries Assocla- 
Uon; (10) USeSRA Task Force for EPA 
Effluent Guidelines; (ll) Hawaiian 
Sugar Planters Association; (12) Amerl- 
can-Florida Sugar Cone League; (13) 
Puerto Rico Land Adinlnlstratlcm: (14) 
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Amstar Corporation; (15) Savannah 
Foods & Indastrlcs. Inc.; (16) California 
If Hawaiian Sugar Co.; (17) North Amer¬ 
ican Sugar Industries Inc.; (18) Impe¬ 
rial Sugar Co.; (19) SuCrest Corpora¬ 
tion; (20) Southdown. Inc.; (21) Ohio 
River Valley Sanitation Coounlsslon; 
(22) New England Interstate Water Pol¬ 
lution Control Commission; (23) Dela¬ 
ware River Basin Commission; (24) 
Hudson River Sloop Restoration, Inc.; 
(25) The Conservation Foundation; (26) 
EnvlronmenUl Defense Fund, Inc.; (27) 
Natural Resources Defense Council; (28) 
Water Pollution Control Federation; 
(29) NaUonal Wildlife Federation; (30) 
The American Society of Civil Engi¬ 
neers; (31) The American Society of 
Mechanical Engineers. 

The following organlzatiotu responded 
with commenU: California Water Re¬ 
sources Control Board; Texas Water 
Quality Board; State of Pennsylvania, 
Division of Industrial Wastes and Ero¬ 
sion Control; State of Florida, Depart¬ 
ment of Pollution Control; Delaware 
River Basin Commission; UB. Depart¬ 
ment of Agriculture; UB. Department 
of Health, Education, and Welfare; UB. 
Department of the Interior; and the 
United States Cane Sugar Reffineiiirs 
Association. 

The comments were highly variable; 
the primary Issues raised In the devel¬ 
opment of the proposed effluent limita¬ 
tions guidelines and standards of per¬ 
formance and the treatment of these 
issues herein are as follows; 

(1) A common criticism was that 
while the report Includes a good sum¬ 
mary of existing conditions and reaches 
logical and practical conclusioru. the 
zero discharge of polluted waters to nav¬ 
igable waters Is unrealistic for the refin¬ 
ing Industry as a whole. In particular, 
those refineries not having available 
land to totally retsUn waste waters would 
be technologically unable to attain the 
zero discharge limitation. The practica¬ 
ble and available technologies and treat¬ 
ment alternatives were reconsidered and 
effluent limitatioiu developed which re¬ 
flect levels of technology which can be 
achieved by the entire Industry. These 
are based on biological treatment of the 
waste water streams, the bases being 
presented In the Development Document. 
For the purposes of establishing uniform 
national standards, effluent limitations 
guidelines have been established based 
on this information. 

(2) The comment was made that fur¬ 
ther subcategorRatlon of the segment 
Into crystalline versus liquid final prod¬ 
uct was necessary. This subcategoiiza- 
tlon was considered and determined to 
be desirable. The Development Docu¬ 
ment now reflects the separate subcate- 
goiization of these two processing meth¬ 
ods. Separate effluent limitations 
guidelines have been established for each 
subcategory: Crystalline cone sugar re¬ 
fining and liquid cane sugar refining. 

(3) A number of commenters expressed 
the opinion that because of the variabil¬ 
ity of processing, waste treatment elli- 
clencies. and sampling results, a neces¬ 
sity exists for tte effluent limitations 
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fukicliiics to reflect this VHrlabUlty. Thh 
hM bc<.‘ii mxompllr.hcd l>y Uic inclusion 
In the i^uiclclinca of a moiitlily avcrai'C 
and a ninxlinum daily avcrHec allowable 
dlscharce. 

«i llie comment wu.i made that Uie 
quality of Uie raw aiiRar (ruw malerkkil 
varlea wllli Die MMtrre, (;<'ivOii of the 
year, cmih- vuih-ty, aiHl iii'.nxiotnln iinir- 
tlera. 'Jlic opinion wat rxpmwcd tliut 
tSicw variations In quality alfect the 
nature of the waste dixcharecd. Tlie 
avallalilc data on raw waste loadinRs 
■hows no indication that any significant 
difference exists os a result of any differ- 
ance In raw material quality. 

(5> The statement was made that bio¬ 
logical treatment of sugar wastes alone 
Is not a demonstrated treatment tech- 
nolocy. The nature of refinery waste is 
that It is suitable to biological treatment. 
Sucrose Is well known to be highly bio¬ 
degradable. and substantial BOD5 re¬ 
ductions have been observed in combined 
factory-refinery impoundage lagoons. 
The applicability of biological treatment 
to refinery waste waters has also been 
demonstrated by the twelve refiner¬ 
ies ttet discharge process wastes to mu¬ 
nicipal biological treatment systems, 
while no refineries currently employ 
biological treatment in the form of actl- 
Vi^ed sludge or aerated lagoons, these 
systems are considered to be currently 
available technology. With proper en¬ 
gineering design and with nutrient addl- 
tioo to the nutrient deficient wastes, 
these systems can achieve 90 to 95 per¬ 
cent and higher treatment efficiencies 
for highly organic wastes such as process 
waste water from cane sugar refineries. 

<•) The comment was made that cost 
Information presented in the Develop¬ 
ment Document was low in terms of (bfi- 
lar values. This Information was reviewed 
and revised. In addition, a model was 
developed for an average-slsed small 
crystalline refinery to supplement the 
SKlsUng cost Infonnation for an average- 
■laod liquid reflnery and an average-slsed 
large crystalline reflnery. The cost data 
were derived from actual cost Informa- 
Uon for existing plants and other cost 
for equipment, facilities, pip¬ 
ing, and other related items associated 
with pollution contnfi measures. 

Interested persons may participate In 
this rule-making by submitting written 
comments in triplicate to the EPA Infor¬ 
mation Center, Environmental Protection 
Agency, Washington, D.C. 20460, Atten¬ 
tion: Mr. Philip B. Wlsinnn. Comments 
on all asiiects of the proposed regulations 
are solicited. In the e\'ent comments are 
In the nature of eiiticlunM as to the ade¬ 
quacy of data which is available, or which 
may be relied upon by tiie Agertey, com¬ 
ments slKHild identify and. If possible, 
provide any additional dnUn which may 
be available and should indicate why such 
data is essential to the dcvelopntent of 
the regulations. In the event comments 
address tite approach taken by the agency 
In establishing an eOluent limitation 
guideline or staixlard of performance, 
I3*A s<dlclts suggestions as to what alter¬ 
native approach should be taken and 


why and how this alternative better 
sutiNflea the delailcd rcquircmcnl.s of 8cc- 
Uons 301, 304(b>, 306 and 307 of the Act. 

A copy of all public comments will be 
available for hiKix.-clion and copyini; at 
tlio EPA Infomiallon Center, Itooin 227, 
West Tower, Wiitrrsidc Mull, 401 M 
.‘Itreet, 8W., Wiishini’ton D.C. A copy of 
pndlnilnary dnift contractor leiMirt-;, the 
Ditveinpmciit Dneiinient and e<'oiiomlc 
study referred to iiliovc and certain sup¬ 
plementary materials suppuiting the 
study of the industry concemcrl will also 
bo maintabicd at this location fur public 
review and copying. The ETA informa¬ 
tion regulation, 40 CPR Part 2, provides 
that a reasonable fee may be charged 
for copying. 

All comments received on or before 
January 7,1974, will be considered. Steps 
previously taken by the Environmental 
Protection Agency to facUitate public 
response within this time period are out¬ 
lined in the advance notice concerning 
public review procedures published on 
August 6, 1973 (38 FR 21202). 

Dated November 23,1973. 

JoKX Quasus, 
Acting Administrator. 


PART 409—EFFLUENT UMITATIONS 

GUIDELINES FOR EXISTING SOURCES 
AND STANDARDS OF PERFORMANCE 
AND PRETREATMENT STANDARDS FOR 
NEW SOURCES FOR THE SUGAR PROC¬ 
ESSING POINT SOURCE CATEGORY 

lu ageA 9 CryAtslIlw Cam Sugar Rsanbig 
S uS e a i agaiy 

8ae. 

40930 AppUesbUlty; daaerlpUon of eryatal- 

liaa osna sugar rsftning aub- 
oatagocy. 

40931 SpuoisTlasd daSnlUoas. 

409.22 Rfluant hmltstloos guldallnaa rap- 
rsaantlng tb* dagrsa of aflluant rs- 
duetkm sttslnabla by Uia applica¬ 
tion of tho beat praetleabla coo- 
trot taehnology euirantly avallabis. 

409.2S XShMnt llmlUUons guldallnaa rsp- 
rsaantlng tha dagraa of effluant ra- 
duetlon attalnabla by the appllca- 
Uon of the bast avallabla teeh- 
nology sconomleally aehlevaOlo. 

40934 gund ar da of parformanoa for new 
aouroee. 

40939 Pretreatment standards for ntw 
aouroes. 

S ubpart C—UquM Cam Sugar aaflning 
S iWtrlasaty 

40930 AppIloabUlty; daaorlpUoa of liquid 
cans sugar rcflnlng subeategory. 

40031 Bpaelaltaed daflnIUona. 

409 32 Bgluent llmllatlons guidelines rap- 
rsaantlng the degree of effluent re¬ 
duction attainable by tho applica¬ 
tion of the beet practicable control 
taehnology currenUy available. 

40933 Effluent hmltatloiu guldellnee rep- 
raeentlng the degree of effluent re- 
duetloii attainable by tho applica¬ 
tion of tho best available tech- 
nology eoonomleally achievable. 

40034 Standards of perfnrmanoo for new 
aouroee. 

40039 Protreatment atandarda for new 
aouroee. 

AimioaiTT; fleca 301. 304(b) and (e), 30d 

(b) and 307(e), PMeral Water PoUulloii Con¬ 
trol Act. aa amended (33 UA.O 1361, 1311, 

1314 (b| and (e). ISIOib) artd lAI7|e|: Sd 

8tal. SIS et aaq.; I'ub. L. S3-M0) (the ’'Act'*). 


Subpart B—CryttaKine Cane Sugar 
Refining Subcatecory 

I 40*).20 A|i|ilk'ul>ilily; (Iriu'riplion nf 
rryolsllino ratio tuignr rrliiiiiig oult- 
tnlrgory. 

Tiic provlKlons of tliii: r.iibiiart arc a|i- 
pllcalilo to (ll.seharci-ji nv;ullliig from the 
prurcMiiiiK of raw aiicur inlu it crysUilliiic 
rofliietl .■>iii;ur iirudiicl. 

( 4fi*).2l Sprriali/.ril •l•'(iniliuna. 

For Uic r>ur|iose of Uil.s Mihp.trt: 

(a) ITic followinc abbreviaUons slinll 
have the following mconbigs: (1) 
'*TSS'' bhall mean total suspended non- 
flltcrable solids; (2) "kg" shall mean 
kilogromfs); (3) "kkg" shall nqean 1000 
kg; (4) "kg/kkg" shall mean kilograms 
per 1000 kilograms; (5) "BOD5" shall 
mean five days biochemical oxygen de¬ 
mand; and (6) "lb" shall mean pound(s). 

t 409.22 Efliarnt liiiiilaliona guidclinra 
rervoftoiiling llie degree of rfilurnt 
reoiicliun allainahlo by the appUca- 
lion of ihe beat practicable control 
technology carrcnily available. 

(a) The following UmitaUons consU- 
tute the quanUty or quality of pollutants 
or pollutant properties which may be dis¬ 
charged after appllcaUon of best practi¬ 
cable control technology currenUy avail¬ 
able by a point source subject to the 
provisions of this subpart: 


K0uent 

eheraefertiCIo Eglucnt limitation 
BODS ....... Maximum dally average 1.14 


kg/kkg of melt (338 lb/ 
ton of melt). 

Maxlinum average of dally 
average s for any period of 
thirty conaecutive days 
03S kg/kkg of melt (0.78 
Ib/too of melt). 

TB8 ___ Maximum dally average 034 

• kg/kkg of melt (0.4# lb/ 
ton of melt). 

Maximum averaga of dally 
aveiagea for any period of 
thirty oonaeeutlvo days 
038 kg/kkg of melt (0.13 
Ib/too of melt). 

pH_... Within the range of 80 to 

SO. 

I 409.23 Eflluenl limilnliunt guidelines 
rr|ire»cnling the degree of eflUurnl 
reduction attainable by the applica¬ 
tion of llie beat available technology 
economically achievable. 

The following UmitaUons constitute 
tha qunnUly or quality of pollutants or 
poUutant properties which may be dis¬ 
charged after application of the best 
available technology economically 
achievable by a point source subject to 
tho provisions of this subpart: 

Kflurnt 

eharaclrrltlle tgiutnt limitation 

BODS- Maalmum dally avarags 0.13 

kg/kkg of melt (034 lb/ 
ton of melt), 

Maklmum averaga of dally 
averogea fur any period nf 
thirty conoeeutlva da) a 
004 Bg/kgi; of malt (O.0S 
Ib/lon of malt). 
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Kglunt 

0hartetm§ttt KgluMt Umttmtion 

TBS-..... MMlmum dallr AVtrM* 0.13 

k«/kkg or Mlt (0.34 10/ 
ton of malt). 


MMOmum pooroK* of dnUf 
•vornfM for nay period of 
thirty oooaeeuUTO dnya 
cxa kg/kkt of melt (OM 
Ib/ton of malt). 

pH-...... Within the ranaa of Od to 

•jO. 

I 409.24 Sumlarda of performaaec for 
nawaonreoa. 

Tbs foOowtiiK limitations consUtute 
the quantltgr or quality of poUutanU or 
ooUutant properties which may be dis¬ 
charged reOccUag the greatest degree oX 
tffluent reduc t ion achievable through ap- 
cUcatlon of the best available demon- 
itrated control technology, proccases. op- 
leratlng methods, or oth^ alternatives, 
ncludlng, where practicable, m standard 
lermlttlng no discharge of pollutants by 
t new point source subject to the pro- 
dsions of this sobpart: 
gjiuanf 

rharaotariatle X/luent Itotitetton 


tubpart C—4Jquid Csne Sucar Rellninc 
Subestcgory 

1409.30 AppUraUlityi dcacriplioH of 
liquid cane sugar refining sabcate- 

•svy. 

The provlsiana of this subpart are ap¬ 
plicable to discharges resulting from the 
processing of raw sugar into a liquid re¬ 
fined sugar product. 

t 409.31 Speelaliaed (Irfiniliuna. 

Bor the purpose of this subpar': . 

(a) The following abbreviations shall 
have the following meanings: (1) “Tas" 
Shan mean total suspended nonflltcrable 
solids: (2) “kg" shall mean kilogramfs): 
(3) "kkg" shall mean 1000 kg; (4) “kg/ 
kkg" shall mean kilograms per 1000 kilo¬ 
grams; (5) “BODS” shall mean five 
day biochemical oxygen demand: and (6) 
“lb" shall mean pound(s). 

I 409J2 Efllucnl limiialiona goidclincs 
repreaenling liie degrre of effluent 
reduction attainable by tlie appUca- 
Uen of the best practicable co n trol 
tech n ology currently available. 


IOD5 ....... Masimum dally average 0.13 

kg/kgg of malt (0a4 lb/ 
ten of malt). 

Maximum avtrage of dally 
avaragas far any parlod of 
thirty eonaseuuvo days 
004 kg/kgg eg malt (OOB 
Ib/ton of aaalt). 

B8 ......... Masimum dauy avarogs 0.13 

kg/kkg of malt (0g4 lb/ 
ton of malt). 

Ifaxlmum avango of dally 
avaragaa for any poitod of 
thirty eooaaouUvo days 
0 j 03 kg/kkg of aaalt (OjOS 
Ib/ten of aaalt). 

H .......... Within tbs raaga of SO to 

■ OH- 

499.25 Prdreaimeni aiandarda for new 


The pretreabnent standards under 
ection S07(c) of the Act, for a source 
rithin the crystalline cane sugar reftai- 
ig subcategory which tt an industrial 
aer of a pubUcly owned treatment works 
and which would be a new source sub¬ 
let to aectton 304 of the Act, If It were to 
iacharge pollutants to navigable wa- 
irs); ahaU be the standard set forth In 
art 135 of this chapter, except that for 
le purpoaes of this section, 1 135.133 of 
ils c h ap ter shall be amendml to read aa 
dlows: “In addition to the prohibitions 
(t forth In 1138.131 of this chapter, the 
retreatroent standard for incompatible 
QUutants Introduced Into a publicly 
amed treatment works by a major con- 
IbuUng Industry shall be the stand- 
rd of performance for new sources spec- 
led in | 409.34: Provided. That, U the 
abllcly owned treatment works which 
xi dves the poUulanta ie committed. In 
s NFDB8 permit, to remove a specified 
ncentage of any Incompatible poUut- 
st. the pretreatment standard appUca- 
le to users of such treatment works shall 
s correspondtngly reduced for that pol- 
itoiit” 


(a) The following limitations consti¬ 
tute the quantity or quality of pollutants 
or poDutant propertlea which may be dis¬ 
charged altCT application of best prac¬ 
ticable control technology currently 
available by a point source subject to the 
provlstons of tl^ subpart: 

Mgiutnt 

cAeraetertotle Kfiumt UmiHtion 

BODS...- M a ximum dally avsraga OJS 

kg/kkg of matt (l.TO lb/ 
too (Of melt). 

Mastmum average of daUy 
averagae for any pwrlod of 
thirty eooaeeutiva daya 
0A4 kg/kkg of melt (0.4a 
Ib/too of melt). 

TBB ......... M a ximum dally average OM 

kg/kkg of malt (OAO lb/ 
too of melt). 

/ Maximum average of dally 

averages for any period of 
thirty eooaecutiTO daya 
O.IO kg/kkf of melt (OM 
Ib/too of melt). 

pH ......... Within the range of an to 

an. 

i 409J3 Effluent limiialiona guidelinea 
representing the degree of effluent 
reduction st t ai n a b le by the applica¬ 
tion of the best available tecbnology 
economically aebievaUe. 

The following Umltatlona constitute 
the quantity or quality of pollutants or 
IioUutant properties which may be dis¬ 
charged after application of the best 
available teclmology economically 
achievable by a point source subject to 
the provisloiu of this subpart: 

oAereetertstte S0itent Hmdatiou 
Boot........ Maximum dally avcTega OSI 

kghikg of melt (0.43 lb/ 
toaafmslt). 

Maximum average of daUy 
averagse for any period of 
thirty cousccuuvs days 
O.oe kg/kkg or melt (0.13 
Ib/ton of melt). 


k/kvenl 

eheraelerittlc tffluent Umllalton 

Taa -- Maximum dally averace 0 14 


kg/kkg of melt (038 lb/ 
ton of malt). 

Maximum averags or dally 
averogea for any period of 
thirty eoaaeeutivs daya 
033 kg/kkf of melt (O.oe 
Ib/ton of malt). 

pH ......... witbin the range of so to 

an. 

S 409.34 Suiidarde of performanre for 
new eowrcca. 

The following Umltatlona consUtute 
the quanUty or quality of poUutants or 
poUutant properties which may be dis¬ 
charged reflecUng the greatest degree of 
effluent redueUon achievable through ap¬ 
plication of the best avaUable demon¬ 
strated control technology, processes, op¬ 
erating methods, or other alternatives. 
Including, where practicable, a standard 
permitting no discharge of pniintentx oy 
a new point soiu-ce subject to the provi¬ 
sions of this subpart: 


tffluent 

eharacterUtic tffluent timltution 

BODS —-- Maximum daUy average 031 

kg/kkg of melt (0.43 lb/ 
ton of melt). 


Maximum average of dally 
avaragaa for any pxrlod of 
thirty ooaateuUve daya 
one kg/kkg of melt (O.is 
Ib/ton of malt). 

TBB. Maximum dally average 0.14 

kg/kkg of malt (03e lb/ 
too of melt). 

M a x i mum average of dally 
averagm tor any period of 
thirty conaaeutlve daya 
one kg/kkg of melt (One 
Ib/ton of melt). 

pH-...... Within the range of 4.0 to 

an. 

{409.35 Pretreatment atandarda for 
new eourcea. 

The pretreatment atandarda under sec¬ 
tion 307(c> of the Act, for a source within 
the liquid cane sugar refining subcate¬ 
gory which Is an Industrial user of a 
pubUcly owned treatment works (and 
which would be a new source subject to 
secUon 305 of the Act, U it were to dis¬ 
charge poUutants to navigable waters): 
shaU be the standard set forth in Part 
125 of this chapter, except that for the 
purposes of thU secUon. 1 125.133 of this 
chapter shaU be amended to read as fol¬ 
lows: “In addition to the prohibitions 
set forth in 1128.131 of this chapter, the 
pretreatment standard for incompaUble 
poUutants Introduced Into • publicly 
owned treatment works by a major con¬ 
tributing Industry shaU be the sUndard 
of performance for new sources specified 
Ui I 40934; provided. That if. the pub¬ 
Ucly owned treatment works which re¬ 
ceives the poUutanta Is committed, in Its 
NPDE8 permit, to remove a specified 
percenUge of any Incompatible pollut¬ 
ant. the pretreatment standard applica¬ 
ble to users of such treatment works shaU 
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rERTILIZI t» MANUFACTURING POINT 
SOURCE CATEGORT 

Proposed 1.(fluent Limitations Guidelines 

Notice ir. Inn by inven tlial cniuent lim- 
Itiillons ('.unkliin s for exlslmi; .soiiiccs 
and .sliuiilaiil< of iicrioiinance ninl pre- 
licalinciil .slainlaiils for ncu .'.oiirces set 
fortb In lenlalivc form bi'Iow :»i<; firo- 
posod by llie llnviionnicnlal F’roliTlion 
Acenry (T.I’Ai lor the phosplinle sub- 
category (K'it»',)..i I A ' ,• the nininoiiia sub- 
catepory (Siibpnit Hi. the mca sfibi ate- 
Kury (Subpai t ('i, tlie aminoiuuin nitrate 
subcatepory iSnbpart Di and tbc nitric 
acid subcali i;oiy iKubpart K) of the fer¬ 
tilizer manufartunni! catepory of iioint 
.sources pui su int to sections 301. 304 <b) 
and <c). 3t)tiibi and 307ic> of the Fed¬ 
eral Water Pollution Control Act. as 
amended (33 U S.C. 1251. 1311. 1314 (b) 
and <ci. 1316(bi and 13l7(c>. 8r, Stat 
816 et seq; Pub. L. 92-500' (the •'Act"'. 

(a) Legal tiuthority —ili Lzisling 
point sourtc.t Section 301ibi of the Act 
requires llic .'icbieveinent by not later 
than July I. 1977. of eRluent limitations 
for point sources, other than publicly 
owned treatniciil works, whicli require 
the applic.'ition of the best practicable 
control technology currently available as 
defined by the Administrator pursuant to 
section 3641 b) of the Act. Section 301'b) 
al.so requires the achievement by not 
later than July 1. 1983. of effluent limita¬ 
tions for point .sources, other tlian pub¬ 
licly owned treatment works, which re¬ 
quire the ap|)ltcation of the best avail¬ 
able teclmolosy economically achievable 
which will result in rea.sonable further 
progre.ss toward the national goal of 
eliminating tlie discharge of all pollut¬ 
ants. as determined m accordance with 
regulations i.ssucd by the Administrator 
pursuant to section 304'b) of the Act. 

Section 304ib) of the .Act requires the 
Administrator to publish regulritions 
providing guidelines for efTii cut limita¬ 
tions setting forth the degree of cflluent 
reduction atiainable through the appli¬ 
cation of the best practicable control 
tcthnolopy currently available and the 
degree of clilucnt reduction attainable 
through the application of the best con- 
tro"l measuic.% and practices achievable 
including treatment tccbiiiqucs. procc.-a 
and proceiluie innovations, operating 
methods and oilier alternatives 

The rcg.ul.ilions jiroiio.sed herein set 
forth cinuciil Imiit.ilions guidcbncr.. pur¬ 
suant to section 304'bi of tbc Act. for 
tlie phos|)hatc .subciitcgory (Subpart A). 
Ilie ammonia subcalegorv (Subpait P-'. 
tlic urea siibcalcgory iSubpart C. the 
ammonium niti.ile sulicatcgory i.Subpart 
D). and tlic niliic and subcategory iSub¬ 
part K) of tbc fertilizer manutacturmg 
category. 

(2) New sourer^. Section 30C of the 
Act requires the aclilcvemcnt by new 
sources of a Federal standaid of i)cr- 
fonnanco proiidlng for the control of the 


discharge of pollutants which rellccto the 
greatest de.grce of diluent reduction 
whli b the Admlnisliaior determines to 
be lujilcvable throui ii aii|ilication of tlic 
besi available demonstrated control tecli- 
nology. processes, oiicrating methods, or 
other alternatives. Including, where 
practicable, a standard perinitting no 
dlscliarce of iKillutani'. 

Section 300(b) (1 Kit) of tbc Act rc- 
quiii". tlie Administrator to |iroi)Ose reg¬ 
ulations estahll.sliing Federal standards 
of pci foi mance lor cateroncs of new 
bourtes included in a list iiulibshed (uir- 
suant to section 30G( b) (1 1 < A i of the Act 
The Administrator pulili. lied in the Fra- 
ERAi. It)r.i.‘ni.R of January 16. 1973. <38 
FR 1624) a list of 27 .'•ourcc categories 
including the fertilizer manufacturing 
category. The regulations proposed 
herein set forth the .‘.t.andards of per¬ 
formance aiiplicable to new sources for 
the iibosphate subcate, ory (Subpart A), 
the ammonia .subcategory (Subpart B). 
the urea subcategoiy '.Subnart C'. the 
amn jni' m nitrate subcategory (Subparl 
D). and t e nitric arid subcategory (Sub¬ 
part K) of the fci' lizer manufaclurinj 
category. 

Section 307(ci ol fl.e Act requires the 
Adininistratzzr tc ptomu gate .irctreat- 
ment standards for new .source- at the 
same time that .sU'ndards o; performance 
for new .sources .are • rom.; Mt'-d pur¬ 
suant to section 306 Sect ’is 418 15. 
418 25. 418 35, 418 45 and 418 5o. proposed 
below, provide pretreatmerit standards 
for new sources within the phosphate 
subcategoiy (Subpart Ai. the ammonl.a 
subcategorv (.Subpait B). the urea sub- 
category (Subnart C). the ammonium 
nitrate subcategorv (Subp''rt Di and the 
nitric acid subcategorv (Subpart E' of 
the fertIMzer manufecturlne category. 

Section 304(c) of the Act requires the 
Administrator to is.sue to ttie States and 
aii|)i opriate water pollution control 
agencies information on the proce.s.scs, 
procedures or operating methods which 
result in the elimination or reduction of 
the disch 'rce of [lollutants to implement 
standards of performance imder section 
306 of the .Act The report or Develop¬ 
ment Diacument referred to below pro¬ 
vides. pursuant to section 304(r) of the 
Act information on .sucli processes, pro¬ 
cedures or operating methods 

(I)) Summary and ii.-sis of proposed 
efTluent limitations guidelines for exist¬ 
ing sources and standards of perform¬ 
ance ai.d .netreatment standards for 
nc'c SOU) res 

(1) ficneral methodoltav T7ie effluent 
lirnil.itions guideimes anti st indards of 
performance proiio'cd beiem were de¬ 
veloped ill the following m.anner. Tbc 
point .source category was first studied 
for tlic purpose ol determining wlictlicr 
.sepaiate limitations and st.md.irds Ciic 
aiipropi late for ditTerent recincnts w itbin 
tlie r.aiccnrv. This an ilvsls included a 
dcleiiiiin.ation of wlictlicr dilferenccs in 
raw iicileiiil used product inodiiccd. 
maniif.iclurln'' prorc s cmtiloved. a e. 
size, w.istc water ron.'tiiiK nts and other 
fat tors icqiiire development of separate 
limitations ,ind st.indards for ditferent 
segments of the point .source category. 


Tlie raw w.i'tc rhar.acterl in . (o.- cull 
.'.111 h ■.t.'Tiiciil wcic then Idi-.. I n., 

inrliidcd an analy.'.r. of (1' t'.' roupe. 
flow iiiid voliiiiic of watt r 11 < d 111 the 
proi ciiiplovi il and the ' (ll■l((••; ol 
wa'Ic and w I Ic walcrs In llii opd.(lion; 
and (2i tlic coil'I ituelll.S ol 1 it v..i le 
walt r TTic 1 on .titiicnls ol lln- wa tc 
watei.'. wlni ii . tiouid lie siildci l to i lHiii-nt 
llinil.ations ruidt lines and .■-lalid.iKi.s of 
Iicrfoimance were idcntilicd 

Tbo conlii)! and treatimnt nilinolo- 
gles txi.'dmg within each scr.ii.i nl v.cic 
idcntdK’ri Till-, iia bided an cl-ntlfit a- 
tion of cacli di tincl contiol and I real- 
mt III lecnnob gy. incjiid.ng li-.ii. in-iilant 
and end-Oi-procc s tccnnolo . wiiu h 
are existent 01 capable of ben,:; li*' igned 
for each .segment It also ii-clu'lid .m 
identification of. m lenns of Ibe ..niuunl.'i 
of constituents and the cfieiuK .d. iihy.si- 
cal, and biological cb.aracteri .ic, s ol pol¬ 
lutants. the tlTluent level rivuli.r. ' fui/n 
the application of each of the ti.'tinoI()- 
gie.s. Tlie problem: . Imiitatimis ..i.d rcic 
abilily of each tieatment ai d control 
tc -bnology wi 10 also identif.i d Ir. addi¬ 
tion, the nonwater quality cn\ .r'.ninep. 
t.al impact su( h a.s the elTect-. o: the a;i- 
pliration of sik h tcchnologii iipan other 
Ijoilulion problems, including .a.: solid 
w'a.'tc noi. e and radiation we.c id* r.ti 
tied The energy rcquiremi r.t- ot n 
control and treatment techno!- . w- .e 
determined as well as the co't ol tne ap¬ 
plication of .such technologic. 

The Inforir.ation. as outlined ala.'e. 
was then evaluated in order to dcK r- 
mine what levels o' technolo coi.stilutc 
the "best practicable control t( hi.o’ogv 
currently available," "the best av.ulab.o 
technology economically achievaole" and 
the "best available demonstrat'd control 
technology, pioce.sscs. operatin ' meth¬ 
ods. or other alternatives " In identify¬ 
ing such technologies, various factors 
were considered These incUid(.d the total 
ccasl of application of teehnolc, y m rela¬ 
tion to the effluent application the age 
of equipment and facilities invs l.cd. tne 
process employed, the englricf 1 u.g as¬ 
pects of the application of vari.i'is ty;)c.s 
of control techniques, process cbange.s. 
nonwater quality envaronmi-iu.d impact 
(including energy requirement.and 
other factors 

The data npoi. which the abivo 'tii liy- 
sis was pcrforincd included lll’.A permit 
application.s. UFA .s.iinplmg and m .jx"- 
tioii.s. con.sultanl reports, and industry 
submi.ssions. 

The pretieatinent standard- juopo.sed 
herein are mtenried to be corupb no n- 
tao' to the pictieatment st.ii.d.iids iiro- 
po.-.ed for exi. tmg sources untKi •••() CFR 
P.irt 128 The biusis for such stand irds 
iS .set forth in the Ftiu.RAi. Hk.I'.tir of 
July 19, 1973. 38 FR 19236 Tl.c lirovi- 
Mons of Fart 128 ate equally .tppliciible 
to sources winch would conslilute "iicw- 
sourccs," under .'(•( tion 306 if tin y wcie 
to <li.s<-liargc polliit.ant.s dircctlv to n.avi- 
iMble water-:, c'vicjit lor t 128 l.;.l "rb.it 
sei tion provide,. .1 pictrc.ilini-nl vtand- 
ard (or "mi-oinp.ilible i>ollut.iiil wiuch 
leq.mc.. apnhi.iliun of the "lx ( pi.M-ii- 
cable control tcclmolo.gy ciirK-iiUy av.iii- 
iible." subject to an adju'.lincnt for 
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8. Public Comments on Regulations Proposed Friday, 
December 7, 1973 
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CALIFORNIA AND HAWAIIAN 
SUGAR COMPANY 


ONE CALIFORNIA STREET-SAN FRANCISCO CA 94106 • PHONE (415)392.7400 


c 


JAMES H. MARSHALL 

MCSiOCWT 


E.P.A. Information Center 
Environmental Protection Agency 
Washington, D. C. 20460 

Attention; Mr. Philip B. Wisman 

Gentlemen: 



The Environmental Protection Agency published proposed 
guidelines for effluent limitations from cane sugar refineries 
In the Federal Register, December 7, 1953, pp. 33846-33852. The 
Agwcy suggested that any comments on these guidelines should be 

Cane Sugar Refiners' Associa¬ 
tion (USCSRA) Is submitting comments on behalf of the sugar re- 
j^^lustry. We support these *uily. However, we are 
submitting comments separately since the circumstances faced by 
our refineries are different from those faced by most other 
refineries and may not be clearly understood by the Agency. 


Our conments, preceded by a brief description of our 
company s operations are attached. We are ready to elaborate 
and clarify any of the points made as your Agency might desire. 


Sincerely yours. 




James H. Marshall 


cc: Mr. I. A. Hoff, President 

U.S. Cane Sugar Refiners' Association 
1001 Connecticut Avenue 






COMMENTS ON "EFFLUENT LIMITATION GUIDELINES 
AND NEW SOURCE PERFORMANCE STANDARDS - - 

SUGAR PROCESSING INDUSTRY" 


Federal Register, December 7, 1973, pp 33846-33852 


California and Hawaiian Sugar Company is an agri¬ 
cultural cooperative marketing association fully owned by the 
producers of raw sugar in Hawaii. We are the refining and 
marketing agent for these producers. We have two refineries, 
one at Crockett, California, and the other at Aiea, Oahu, 

Hawaii. The Crockett refinery is the world's largest sugar 
refinery with a capacity of 4,000 tons per day. The Aiea 
refinery is a much smaller operation with a capacity of about 
200 tons per day. The latter refinery supplies the Hawaiian 
Islands with refined white sugar. 

The Crockett refinery is located at the north-easterly 
end of San Francisco Bay. Land available at the refinery is 
very limited. The surrounding area is hilly and unsuitable 
for lagooning. The Aiea refinery also has restricted land 
area and is surrounded by high cost residential land. 

The Crockett refintry does not have access to a 
suitable municipal treatment plant. A small sanitary district 
handles the local community's and the refinery's sanitary 
wastes by primary treatment plus chlorination. There is no 
room at the sanitary district's plant for expansion to accept 
the refinery's process waste with secondary treatment. The 
Aiea refinery does have access to the municipal treatment 
system. 


Our specific comments on the proposed guidelines 

follow: 

1. Practicability of Biological Treatment 

The proposed guidelines based on Best Practicable 
Control Technology Currently Available (BPCTCA) (Sect. 
409.22) assume that biological treatment of process 
water from sugar refineries, without mixing with a high 
percentage of domestic wastes, is a practicable techno¬ 
logy. As the USCSRA comments point out, this has not 
yet been demonstrated. To become better informed about 
the effectiveness of such treatment, we have initiated 
laboratory studies on the treatability of our wastes. 
These studies are being conducted by Engineering-S-ience, 
Inc., an organization well qualified in this field. 
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They agree that the practicability of biological treat¬ 
ment of sugar wastes alone has not yet been shown. 

They and we hope to establish a practical method of 
biological treatment. 

We are assuming that, without access to a municipal 
treatment plant, we will have to install a B.O.D. reducing 
system for process wastes. Such an installation will 
be based on the results from our current treatability 
studies. Since neither we, nor EPA, at present can 
forecast the effectiveness of this treatment, the esta¬ 
blishment of stringent effluent limitations is premature. 
Once a system is operating successfully, then a basis 
would be provided for realistic effluent limitations. 

The proposed BPCTCA limit for BOD for a crystalline 
refinery is a monthly average of 0.76 lbs. per ton melt. 

In our case, 24,000,000 gallons per day of cooling water 
at 10 mg/1 BOD would use 0.50 lbs. per ton of melt of 
this proposed limit, leaving 0.26 lbs. per ton for the 
.process water. Our process water averages about 1,100,000 
gallons per day. This would require a BOD limit in our 
process water of about 115 mg/1, a reduction of 90% from 
its present level of ed>out 1100 mg/1. 

No one yet knows whether a biological system on 
sugar wastes can be operated to give a 90% reduction in 
BOD. We therefore urge that this monthly average BOD 
limit be increased to 1.0 lbs. per ton melt, as recommended 
by USCSRA. This recommended level will still require 
that our process wastes be treated. However, operating 
experience can be gained with reasonable limits to work 
within. 

Our Aiea refinery will be able to connect to the 
municipal system and thus avoid the problem confronting 
the Crockett refinery. However, the cost of this connec¬ 
tion will be about $20,000 and not zero as assumed in the 
Agency's Development Document. 


2. Use of Cooling Towers 

The proposed guidelines for effluent limitations 
utilizing Best Available Technology Currently Available 
(Sect. 409.23) require the recycling of condenser water 
with blowdown going to biological treatment. Since 
neither of our refineries has land available for spray 
ponds, the recycling must be done through cooling towers. 
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We question the desirability of this requirement, for 

the reasons outlined below. 

A. Crockett 

The Crockett cooling water is brackish watei from 
the Carquinez Strait at the head of San Francisco 
Bay. This is used on a once-through basis. 

The water picks up a small amount of BOD through 
entrainment, averaging about 10 mg/1. Any re¬ 
cycling will concentrate this entrained BOD and 
subsequent treatment of the blowdown would provide 
an effluent with a BOD concentration of about 30 mg/1, 
assuming greater effectiveness of the BOD treatment 
than is probably possible. While the quantity of 
effluent would be reduced, the higher BOD concentration 
would seem to be an undesirable result. This cer¬ 
tainly would have a greater localized effect on the 
dissolved oxygen content of the receiving water than 
our more dilute cooling water at present. 

We have had an engineering feasibility study made of 
a cooling tower with condenser water recirculation. 

The estimated cost was $1,900,000, far greater than 
the costs shown in the Development Document and used 
in EPA's economic impact study. Problems with fogging 
and noise could create more environmental problems. 

It is possible that cooling towers would not be accep¬ 
table because of fog drifting in one direction to 
obscure an interstate freeway and, in the other, to 
impinge on residential housing. 

In any event, the cost of cooling towers would not 
seem to be justified by the minor environmental 
improvement obtained. 

B. Aiea 

Cooling water from the Aiea refinery is discharged to 
a small streeun and thence to Pearl Harbor. This 
water has little effect on the waters of Pearl Harbor. 

The cost of a cooling tower to recycle condenser 
water at Aiea. has not yet been estimated. However, 
because of general high ambient humidity, the cost 
would undoubtedly be high in proportion to its melt 
rate. The cost of this installation, if made, would 
have to be passed along to the local consumers. If 
the installation were not made, and recycling of 
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condenser water still required, the Aiea plant 
would have to close. This would again result in 
higher prices to consumers since refined sugar 
would then have to be transported from the mainland. 

Fogging from cooling towers at the Aiea refinery would 
be particularly troublesome because of the high ambient 
humidity. The effect on local residents would be 
severe. 

Here, again, the benefits in environmental improvement 
do not seem to justify the costs of installing cooling 
towers. 

While the use of cooling towers is an available tech¬ 
nology , the associated costs and adverse environmental 
effects make their use uneconomic and undesirable. 

We urge that the effluent limits be modified to remove 
the required use of condenser water recycling. Such 
modification would have only minimal environmental 
effect. 


3. BAT£A BOD Limit 

The monthly average BOD limit under the Best Available 
Technology Economically Achievable (BATEA) (Sect. 409.23) 
is 0.08 lbs./ton melt. Assuming a blowdown of 2% from 
our 24,000,000 gallons per day cooling water and 1,100,000 
gallons of process water, the effluent limitation would 
require a BOD concentration of no more than 24 mg/1. 

This is more stringent than EPA's requirement for secondary 
treatment and is unduly restrictive especially in view of 
the general lack of scientific understanding of biological 
treatment of sugar wastes. This limit should be increased 
at least to 0.16 lbs./ton melt if the cooling tower require¬ 
ment remains and higher if the tower requirement is elimi¬ 
nated. 


4. Energy 

% 

Under present circumstances, it is probably unnecessary 
to remind EPA that increasing energy requirements are going 
to be difficult to meet for some years to come. Yet the 
EPA proposal and the Development Document dismiss the energy 
increases with little discussion. Both biological treat¬ 
ment and cooling towers require energy for their operation. 
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The total quantity of added energy depends on the 
refinery situation, particularly from the standpoint 
of pumping requirements. The Crockett refinery, for 
example, would require considerable pumping to move its 
cooling water to and from a suitable location for a 
cooling tower. 

We suggest EPA give more consideration to the 
problem of increasing energy requirements in a time when 
utilities are restricting natural gas and electrical 
power supplies and when fuel oil is in short supply. 


CAI.IFORNIA AND HAWAIIAN SUGAR COMPANY 


! 
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TATi: & LYLE TECHNICAL SERVICES LIMITED 


(9 

(■jiiisiDiAKr or 1A1' • ITU uurrib) 


I COSMOS HOUSE, BROMI.EY COMMON, BROMLEY, BR2 9NA 
oimN 3681 CAnitj Ticsmvr. hhomuy. mm rtux wo 1 J 404 (sucxrNciNt imly) 


BWD/JD 


21st Doccrnbor, 1 973. 


E.P.A. Information Center, 
Environmental Protection Agency, 
Vyashington, D.C. 20460 
U.S.A. 


For the attention of Mr. Philip B. Wism on 

Proposed Effluent Limitations Guidelines 
Dear Sirs, 



Cane Sugar Refining Sub- 
Categories (Fed.Rcg.Vol 38 
No.235, Dec.7, 1973). _ 

With reference to the above document, in which 
(page 33850) you invite comments, we have a number of 
points which we would wish to draw to your attention. We 
are an International sugar consultancy organisation with 
wide ocperience of operations on the North American 
Continent. 

1/tDrhe sub-division into crystalline and liquid sugar 

subcategories can be queried as most of the crystalline 
sugar refineries produce liquid products. It is not 
clear to us why more stringent requirements ore laid 
down for crystalline sugar refineries. 

2/©The capital and operating additional costs which you 
quote appear, in our experience, to be understated. 

t 

3^^No mention is made of site restrictions and in certain 

cases, it may not be possible to install the new equipment' 
in an existing congested site.* Additional land cost 
should therefore be included-in the economic assessment. 

4. V/e would agree (page 33849) that spray drift from cooling 
^towers can present problems, but we would not agree that 
this can be eliminated "by proper control and design". 

There must be a discharge of moist warm air from the 
cooling towers which is likely to cause more nuisance ir2779 
an urban environment than the equivalent discharge 
of sensible heat into a navigable waterway. 

REoisrrRno orrics; ii. MiNaNo land, f,ci. 
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January 7, 1974 


Information Center / 

U. S. Environmental Protection Agency 
Washington, D. C. 20460 

Attention: Mr. Philip B. Wisman 

Dear Sir: 

nicse comments are submitted by the United States Cane Sugar Reniers’ 
Association in response to the Notice of Proposed Rulemaking entitled, 
Saiune Lne Sugar and Liquid Cane Sugar Refining Subcategones 
Prorosed Effluent Limitations Guidelines," which appeared on page "846 
of the Federal Register, Volume 38, No. 235, dated December 7, 1973. 

You will find attached a technical analysis of the P''°P°®®‘? 

lines together with a study of their economic impact which has been pre 

p^d ^orXis associationV Robert R. Nathan Associates. Tlie technical 

analysis was prepared by the members of the United States C^ne Sog^ 

Refiners’ Association Environmental Task Force which 

individuals whose work with respect to the Development Ctocument for the 

proposed guidelines was acknowledged on page 126 thereof. 

The major positions established in the technical analysis of the guidelines 
include: 

yf^ll effluent limitations for BODS and total suspended solids 
must be expressed as net, not gro.s 5 jaiu£ 6 . To do otherwise 
would result in requiring Industry to finance not only us own 
clean-up operations but also to underwrite the general cleanup 
of all waters. 

V2^Base line raw waste loads for cane sugar refineries ^e 
'Cnderstated for BODS by 1S% for liquid refineries and 3S% for 
crystalline refineries and for total suspended solids by bU7o wr 
liquid refineries and SS7o for crystalline refineries. The re¬ 
sult of such understatements is to create an artificially low 
BODS effluent discharge level after treatment. It would cost 
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Information Center - EPA 
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approximately an additional one-half million dollars based on 
the model plant statistics to eliminate the total suspended solids. 



^^e tlieory tliat biological treatment of sugar refinery pro¬ 
cess water wastes, by themselves, constitutes Best Practicable 
Control Technology Currently Available (BPCTCA) has not been 
physically demonstrated nor has this procedure been supported 
by the proposed guidelines, its suporting documents, nor the 
citations contained therein. Several refineries discharge their 
wastes directly into municipal or regional sewage systems which 
utilize biological treatment. These sugar wastes do not constitute 
a significant proportion of the total wastes accommodated by these 
sewage systems. Thus no evidence has been presented to substan¬ 
tiate EPA's theory. 


v^^^The the 
* Xr wastes, in 


theory that biological treatment of sugar process water 
conjunction with blowdown from the cooling water re¬ 
cycle systems, followed by sand filtration of the effluent from 
such treatment, constitutes Best Available Technology Economically 
Achievable (BATEA) has not been physically demonstrated nor has 
this procedure been supported by the proposed guidelines, its 
supporting documents, nor the citations contained therein. No 
evidence has been presented to substantiate EPA's theory. 

^^^PA’s estimates for capital expenditures and operating costs 
ror the various treatment alternatives has been considerably 
understated. Compare revision of Tables 4A and 4B of the Guide¬ 
lines as presented in the Technical Analysis and Comments with 
their original values. 


byoiol 


e non-water environmental aspects of water pollution control 
bynDiological treatment and condenser water recycle have been 
virtually ignored. In the attached Technical Analysis in depth con¬ 
sideration has been given to such factors as odor, worse noise 
problems, spray ilrift and fog generation. In aiklition, a substantial 
(1/6 or more which is equivalent to a range from 43 million to 110 
million kilowatt hours per year) increase in energy requirements 
will inevitably result in additional air pollution from that source. 


investment costs of attaining BATEA technology is out of 
proportion with the benefits to be gained. In order to attain the 
final 20% of pollution reduction, it would cost approximately 60% 
as much as ^e costs to eliminate the first 80%. 
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Information Center - EPA 


Page 3 — January 7, 1974 


This association has engaged Robert R. Nathan Associates, Inc., to make ' 
an analysis of the economic impact of the proposed guidelines. This was 
done to insure an independent point of view concerning the economic effects. 

The Development Document is dated December 1973. The major portion of’ 
its economic analysis is based on the Buzenberg report dated October 1973. 

Mr. Buzenberg states that he has relied upon "Supplement A" of the Development 
Document prepared by Environmental Science & Engineering, Inc., of Gaines* 
ville, Florida, dated August 1973. Supplement A was forwarded to Mr. R. W. 
Dellinger of the Effluent Guidelines Division of EPA under a covering letter 
dated November 8, 1973. In pertinent part this letter states: 

"A number of changes have been made in die Cane Sugar Refinery 
Report. Some of these changes have been as a result of the review 
process, some your own judgment, and some have been corrections 
to the report on our part. This supplement does not reflect diese 
changes." 

^t appears that we are commenting on the interplay of three documents. A 
number of changes have been made in each of them. We are not informed by 
whom the changes were made, when they were made or whether the base 
document (Supplement A) continued to be the foundation for statements and data 
contained in the Development Document and the economic analysis, or whether 
these changes were independent of the ^or^k done in preparing Supplement A. 
Under these circumstances it has be6n impossible to determine what the 
foundation of much of the Development Document in fact is. 


The independent economic study indicates the following discrepancies and 
errors in EPA's economic rationale. 



1. Understatement of cost contained in the Development 
Document is substantial. As an example,* the total investments for 
BPT are cited at $5,557, (XX). The independent study finds the 
co^'rect figure to be $14,978,000. Similarly while the Develop¬ 
ment Document cites the investment for BAT as $16,677,000, 
the independent study indicates that the correct amount is 
$37,621,000. 


2. Paragraph (ix) of the Notice of Proposed Guidelines states 
that "the estimat^ investment costs for 1977 range between 
0.9% and 1.9% of current fixed investment, depending upon type 
of plant, size and location. In contrast the independent study 
indicates that the correct range is between 2. T% and 18.1%. 




Information Center - EPA 


Page 4 — January 7, 1974 


Paragraph (ix) also cites annual costs as ranging from 0.08% 
to 0.5% of 1972 sales. The independent study sets the true 
range as much higher — from 0.05% to 0.79% of 1972 sales. 

The costs of the 1983 standards are also greatly understated 
in paragraph (ix). It claims a range from 1.5% to 1. 9% of 
fixed investment which compares with the independent study 
finding of a range of 4.1% to 30. 2%. 

Paragraph (ix) fixes annual costs for die 1983 standards as 
ranging from 0.12% to 0.65% of 1972 sales. The correct 
figures, as computed in the independent study sets the range 
between 0.12% and 1.57% of 1972 sales. 

Paragraph (ix) states an unrealistic view of the impact of these 
costs. It states, "these costs do not appear to seriously 
threaten the economic viability of the industry. " The effect on 
prices of refined sugar is then characterized as "negligible" 
although it is conceded that even the 1977 standards, "could 
threaten from 3 to 6 plants in the industry . . . between 6% 
and 12% of current industry production. However ... it is 
felt that the long term supply of sugar would not be greatly 
affected." 

Paragraph (ix) of the Notice states that "Potential plant closures 
should not result in a significant employment or community 
effects." This is totally unrealistic. See page 4 of die independent 
study which documents that an aggregate income loss of nearly 
$40,000,000 would be caused by such closures. 

It is earnestly requested that the attached analysis and study be read, studied 
and fully considered. The points made therein conclusively establish that the 
proposed guidelines are uneconomic and unworkable. Their promulgation would 
result in the early demise of a substantial portion of the cane sugar refining 
industry which is vital to an entire sector of the American economy. 

Sincerely, 


Irvin A. Hoff 
President 


enclosures 

iah/p 
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Introduction 

The proposed effluent limitations guidelines (40 CFR Part 409) and the supporting 

Development Document with its Supplement A have been revie^d and 

The comments in this section are directed to the proceed guldel nea. 

on the Development Document are presented in the following section. Comments 

In both of these sections are supported in the appropriate appendices. 

Summary of Comments 

1. Baseline raw waste loads are understated for cane sugar refineries. 

2. The assumption that biological treatment of sugar refinery wastes on^ 
constitutes Best Practicable Control Technology Currently Available 
(BPCTCA) is not demonstrated nor supported by evidence. 

3. The assumption tiiat biological treatment of sugar wa^es on^ followed 
bv sand filtration of effluent from such treatment constitutes Best Avail¬ 
able Technology Economically Achievable (BATEA) is not demonstrated 
nor supported by evidence. 

4 . Treatment cost estimates are grossly understated. Corrected estimates 
are presented. 

5. The non-water quality aspects of pollution control by biological ffeatment, 
and condenser water recycle have not been adequately considered. 

6. The cost- benefit ratio of EPA- proposed BATEA is insufficient to warrant 
adoption of the technology, portions of which are nm demonstrated nor 
supported by evidence. 

7. AU effluent limitations for BOPs and TSS must be expressed as net, not 
gross values. 

8. Recommended effluent limitation guidelines have been developed and are 
presented with supporting evidence and rationale. 






2)(iv) Control and Treatment Technology 

assumption that "treatment of process waste waters by activated sludge or 
T equivalent biological treatment technique" is a currently available trca{- 
it technology is not supportable. As shjwn in the following portions of these 
iments there is no evidence or demonstration of the practicability of this 
itmenc 

1. Analysis of Development Document 

2. Appendix F; Technical Analysis and Comments on 
Draft Development Document 

3. Appendix G; Biological Treatment cf Sugar Wastes 

total waste loadings (baseline) for crystalline and liquid cane sugar refineries 
under 9 tated because of the following erroneous assumptions of the Develop- 
it Document: 

v/l(/^nadequate condenser water flow 
V 2 ^^miversal installation of filter aid'recycle systems, 
rect total waste loadings (baseline) are: 


rstalline 
uid ' 


BOD 5 

kK/kkg Ib/ton 

5. 42 4.84 

4.15 8.30 


kg/kkg Ib/ton 

4.10 8 .20 ” 


3.80 


7.60 


le 2 (Summary of Waste Loads from Treatment Alternatives Applied to a 
stalline Cane Sugar Refinery and a Liquid Cane Sugar Refinery) understates 
discharge waste loads for the various alternatives. A revised Table 2 
trporating the necessary corrections is presented overleaf. 
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TABLE 2 
(Revised) 


Summary of Waste Loads from Tr^iment ^ 

to a Crystalline Cane Sugar Refinery and a Liquid 
Cane Sugar Refinery 


Crystalline Refining 




A 

B 

C 

D 

E 

F 

G 


2.42 
.1.52 
1.25 
0.58 
0.24 
0.43 
0 


4.10 
1.30 
1.30 
0.15 
0.23 
0 
0 



Liquid Refining 
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(b)(2)(v) Control and Treatment Technology within Subcategorics 

"Biological treatment of process waters by activated sludge or equivalent 
biological treatment system" is recommended as a "best practicable control 
technology currendy available (BPCTCA) for the two subcategories" (crystalline 
and liquid refineries). 

However, this biological treatment of sugar wastes alone has not been demon¬ 
strated in either pilot or full scale operation and there is no evidence that the 
technology is practicable. Biological treatment is discussed in detail in Appendix 
G of these comments. 

Similarly the efficiency of sand filtration on effluent from biological treatment 
has not been demonstrated and is therefore not a "best practicable control 
technology currendy available (BPCTCA)" and even less qualified for "best 
available technology economically achievable (BATJEA). " Despite this lack of 
demonstradon, sand filcradon is listed as BATEA without justificadon or support. 

The proposed effluent limitadon guidelines and new source performance standards 
of Table 3 are incorrect, because of undemonstrated technology. A revised Table 
3 is shown overleaf with minimum limits consistent with the best performance 
of the undemonstrated technology that can be expected on the basis of present 
knowledge. Calculadons, logic, and base information supporting this guideline 
revision are contained in Appendices B, C, G and the analysis of the Development 
Document. ^ 


I 
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TABLE 3 
(Revised) 


RECOMMENDED EFFLUENT LIMITATIONS AND STANDARDS 

_ OF performance ___ 

MONTHLY AVERAGES - 


Limi tation 9-kg/kkg (Ih/tonl 
bPSTSx BATEA 

nons TSS POPS TSS_ 


of melt 

NSPS 

DOD5 


TSS 


Liquid Cane Sugar 
Refineries 

Grysulline Cane Sugar 
Refineries 


n 


•0.31 0.16 0.19 0.19 
(0.62) (0.32) (0.38) (0.38) 


0.19 

(0.38) 


0.19 
(0.38) 


0.58 
(1.16) 


0.15 

(0.30) 


0.24 

(0.48) 


0.23 
(0.46) 


0. 24 
(0.48) 


0.23 

(0.46^ 


DAILY AVERAGES 


T.imitatio ns-kg/kkg (Ib/tonj 

■ dPCTca date a 

D0D5 TSS BOD5 TSS 


of melt 


TiSPS" 
BOD5 


TSS 


Liquid C^ane Sugar 
Refineries 

Crystalline Cane Sugar 
Refineries 


0.93 0.72 0.67 
(1.86) (1.44) (1.34) 


0.89 

(1.78) 


0.67 

(1.34) 


0. 89'^ 
(1.78) . 


1.74 0.60 0.72 

(3.48) _(1. 20) _(1._4_4) 


0.92 0.72 

(1.84) (1.44) 


0.92 

(1.^84) 


In addition to the above limiudons. 
within die range of 6.0 to 9.0. .. 


the pH shall be mainuined 

\ m 


* % . . * • 

. 

o ' ■ 
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(b)(2)(vi) Cost Estimates for Control of Waste Water Pollutants 

The costs of Tables 4Aand 4B arc grossly understated. The cost estimates 
arc stated to be based upon actual design estimates. In Appendix D, comparisons 
of these estimates with factual costs and realistic prices clearly show the*mide- 

liot inadequately low by factors of 2 or more, and to refloa a 

lack of familiarUy with cane sugar refining practices and requirements. 

» 

In action, the use ot these Inadequately estimated costs as representative of 

' c®“ !® “ the caveat of the introduction to 

Development Dex^ument Supplement A: 

"An adequate engineering cost estimate for a single plant must neces¬ 
sarily consider a multitude of factors; an estimate completely applicable 
to all menibers of an entire industry is obviously impossible. It must 
he realized that land costs can vary widely. While some cane fields in 
^isiana may be assessed at less than a thousand dollars per acre, to 
discuss the worth of land in downtown Brooklyn or Boston is almost 
ludicrous. Construction cost, in terms of both labor cost and materials 
cost, is anotl^ element that is highly variable. Therefore, the costs 
Resented in this document are intended to serve only as a guide to the 

Ls a^ecifi^xample, the qualifying statements of Supplement A also state: 

investment cost associated with hook-up to a municipal waste 
^^stem is assumed herein to be nil. In acDiality diis cost can vary 
n-om zero to considerable sums of money, for purposes of economic 
impact, it IS necessary to assess the cost on an individual basis." 

municipal hook-ups have cost in the $150,000 to 
^W,0OT + range, depending upon the complexity of intra-plant waste segrega- 
on and collecpon problems. 6“ 

herefore, corrected costs and effluent reductions for treatment alternatives 
re presented in revised Tables 4Aand 4B. Details of calculations, bases, 
cc., are contained in Appendices D, E, and H of these comments. 

omments on total industry costs for Alternative D (BPCTCA) and E (BATEAi 
re presented in the economic section of this analysis. 
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TABLE 4A 
O^ovi soil) 

Cumulative Eatimated Cnpital AnJ '°tal Yearly ^Ht^ With 

The Application Of Various Alternatives To Crystalline uane 

Sugar Refining Wastes 


Reduction 


Costs in K $ 


Alt 


”8005 

percent percent 


kkff i Tvrv ivNft 

Capital vlarir "C5pI5I Yearly 


1900 kkg 


0 0 

37.2 68.3 

48.3 68.3 

76.0 96.3 

90.1 94.4 

82.2 100 

100 100 


0 

365 

848 

1,338 

1,982 

2.258 

3.258 


0 

65 

109 

236 

296 

258 

399 


0 

0 

700 

112 

1,396 

176 

2, 426 

377 

3.946 

517 

Not Practicable 
Not Practicable 



TABLE 4B 
vised) 

cumulative Estimated Capital Aid Total Yearly 

The Application Of Various Alternatives To Liquid Cane Suga 

Refining Wastes 


Capital Yearly 


A . . . 

. 0 

0 

0 
355 
535 
• 1,065 

1 , 406 

1 

0 

A. Q 

R 

. 21.7 

73.7 

Do 

r . -. 

. 30.1 

73.7 

oO 

n 

. 92.5 

95.8 

12\J 

p 

. 95.4 

95.0 

251 

C» • • • a « 

F 

. 96.4 

100 

1,990 

2, 460 

240 

r • • • • < 

G ... . < 

. 100. 

100 

303 
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(b)(2)(viii) Non-water Quality Aspects of Pollution Control 





The discussion in the Federal Register states that added energy r^uirements 
for BATEA are 6.94% (0.84% + 6.1%) of the total subcategory energy require- 



tion is given by ^e Federal Register discussion to the increased air pollution 
created by generation of an additional 43 million to 110 million kilowatt hours 
per year. 


The odor problems associated with lagooning or treatment of sugar wastes are 
ignored in the discussion. Similarly, odor problems can be expected from 
disposal of sugar waste biological treatment end products. Contrary to the 
discussion's statements, technology is not known to exist for disposal of these 
end products since die technology of sugar refining waste treatment is not 
demonstrated. 

The spray drift, fog generation, and noise problem potentials of cooling towers 
and spray ponds are much worse than the Federal Register comments indicate. 
The problem is particularly critical in urban areas where the spray drift can 
disrupt electric^ service, create traffic hazards, and subject higji density 
residential and commercial areas to high ambient relative humidity. The noise 
problem would be especially objectionable during night hours in high density 
urban areas; such towers being in continuous operation. 


f 
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(b)(2)(ix) iiconoinic Imixict AnalyHis 

A scoarate section of tlic Association’s comments shows details of the economic 

anal^is TIic Analysis of Development Document section of these comments, 

however, contains two cost-benefit relationship plots which highhght the question¬ 
able worth of BATEA limitations over BPCTCA limitations, for the non-toxic 
cane sugar refinery wastes* 

It is readily apparent from these curves that BATEA was^eduedon has approxi¬ 
mately 4 timesdie cost per unit benefit as the sum of BCPTCA reductions. 
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limliationa guidelines are presented on the 
following pages. The revised guidelines represent: 

limits consistent with the best performance that can be 
ej^ted of the undemoostrated and unproven technoiog>’ of biolocical 
treatment of cane sugar refinery wastes alone. 


1 . 


2 . 


It be t>e:ed L\ 2 t tf-.e efCcent limfninons are c’earlv and re-vatedlv mark-Ai 

i^mJnAfr recommended guidelines. Clear definition of not Values 

if ^ ®vo*d any possible confusion in application of these effluent 

limitauons. ^lis i^s particularly crucial for the cLe su^r Lfin^ng inrsiv 

prr ^ Of refineries' water intake is surface (river hartor 

etc.) water used for cooling in barometric condensers. ’ ' 

^e BOI^ and TSS loads of these intake surfact waters often exceeds the efflnenr 

il.ffolL"f4^4‘gt: rllliS'deuLfor 

^Tn Development Document, as proposed by 

d^al Register, and as revised in these comments were based 
eSI^^ed generated by the cane sugar refineries and are all 

jessed in net terms, as confirmed by discussions with the Development 
Document contractor. (See his letter of January 7, 1974 to Mr Irvin A. Hoff 
a copy of which was sent to the Agency. ] ^ 

ItaM'*'® proposed effluent limitations guide- 
lines. Therefore, it is strongly recommended that: ^ 

j^ragraph 409.21 (Specialized Definitions) of the Effluent 
Umitations Guidelines contain the following or similar definition; 

^£^11 m^n the difference in quantity of pollutant or pollutant 
property between intake and discharge flows associated with the 
processing of raw sugar into a crystalUne refined sugar product. 

409.31 (Specialized Definitions) of the Effluent Limitations 
Guidelines contain the following or similar* definition; 

difference in quantity of pollutant or pollutant 
between intake and discharge flows associated with the 
processing of raw sugar into a liquid refined sugar product. ^ 


1 . 


2. 
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h 3. Each DOD 5 and TSS effluent characteristic or limitation be clearly marked 
(net) in the guidelines. 


, I .1 *1 '< • 

rs 


n 
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x:tion V. Water Use and Waste Characterization (pages 32-58) 

able 10, page 48 of the Development Document does not factually represent normal 
irometric condenser water flow for an average crystalline refinery. Appendix B 
this analysis demonstrates that a condenser water flow of 10,400 gallons per ton 
representative of a crystalline refinery rather than the 8,750 gallons per ton 
led by die Development Document's Figure 14. 

gure 14 also understates the raw waste load contribution of the filter cake slurry 
le to the Development Document's erroneous assumption of universal installation 
filter aid recycle systems. Filter cake slurry is included in Process Water 
ock of diis figure. 

revised Figure 14, incorporating correction of the above errors, is presented 
erleaf. Appendix B reviews these corrections in detail. 
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Section VI. Selection of Pollutant Parameters (pages 58-62) 

BOPs- 

Net DOI% values of condenser 

ment Islot responsive to the q^esnon of DOI^ test resi^tjaum^^ Document) 

TTie contractor was given a n^ade to afccommodate the variability 

which quantified the allowance which s extended to three additional 

for variability of BOP 5 test results. 

Study rcsulu. indicate a ne, BOD 5 variability “J 

U^y low variabiUty aUowances for the mean or average of twenty fc.nple 

The study results strongly »“88nBt Unit the ^di«^ 

water systems with adequate entrainment control may weu oe no mo^j^ ^ 

oreated recycle condenser water. ^ 

m 

Suspended Solids 

a simpler approach is available. 

Settleable solids measurements would provide essentially die “T"®“ 
TSS. This determination may be made wi* mVees only a small amount 

X opr.r's“time.'"TOs?«t^^^^^ good indicaUon of suspended 

matter it appropriate analytical technique is employed. 

of settleable solids as an alternate parameter for suspended soUds is 

recommended. 


n 
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ctionVIl. Coiui-ol and Trcatniciu Technology (iwgcs 63-81) 

jlogical treatment ol refinery wastes is assumcil by the Development D^u- 
:nt to be a Ucmonstratetl practicable technology capable of discharging an effluent 
30 ppm hODs and -JO ppm TSS for crystalline refineries and at 50 ppm BOI^ and 
ppm TSS for liquid refineries. 

; set fordi in Appendix G of tJiis analysis, the use of biological treatment for sugar 
finery wastes only lias not been demonstrated to be practicable. Turthcr, the 
:hnology, if succcssfulITapplicd, cannot be expected to produce an effluent of less 
in 100 ppm UOD^ or 100 ppm TSS. 

ko Document's model refinery waste treatment alternatives arc developed from a 
w waste loading base shown schematically on Figure 18, page 75 of the Documenc* 
lis figure understates the raw waste load because of two erroneous assumptions: 


1 . inadequate condenser water flow. 

2 . universal existence of filter aid recycle systems. 

ipendices B and C of this analysis show corrections of these assumptions, yielding . 
e revised Figure 18, overleaf. Development of treatment alternative poUutont 
ductions, after these corrections is also set forth in Appendices B and C. 


[•;ernative E (pages 77 and 80) for Best Available Technology Economically Achiev- 
kle requires sand filtration following biological treatment to further reduce BOD^. 

5 evidence has been offered of any experience that demonstrates the effectiveness . 
sand filtration for such purpose. Sugar BOD is essentially all soluble and thus 
auld pass tlirough a bed of sand. Insoluble sludge formed in the biological treat- 
ent would have had to have been removed by settling to meet the Best Practicabls 
antrol Technology. (Whether this can be done is not yet known, as pointed out in . • 
K>thcr section.) There is no indication of how sand filter backwash water would* 

: handled or whether cycle lengths would be long cnougli to be economic. 


he proposed BCD limit for 1983 for crystalline refineries, 0.0*1 kg/kkg melt, is 
ised on the assumed effective use of tlie sand filter* Since tliis effectiveness 
IS not yet been demonstrated, the proposed limit is too stringent. Elsewhere 
BATEA limit of 0.24 kg/kkg mei t far cx^tsUine refineries ,snd 0* 19 kg/kkg 
ir liquid refineries is proposed. * • , ‘ . 


• » • 


• • 


•* 
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Section VIII. C ist, Enernv. and Non-water Quality Aspects (pages 82" 116) 

At mentioned before, tlie BOD 5 discharge reductions of the treatment 

ftlternatives shown in the Development Document are based upon incorrect low raw 
waste loads and unwarranted efficiency of unproven technology. 

Appendix B rf this analysis presents a detailed development of the expected BOD 5 and 
TSS reductions of tlie expected BOD 5 and TSS reductions of treatment alternatives, 
based upon a realistically optimistic appraisal of biological treatment of the model 
crystalline cane sugar refinery's process wastes. The results of this development 
arc sumnr)arized in revised Table 18, immediately following this page. 

Similarly, Appendix C of this analysis develops BOE)^ and TSS reductions for the model 
liquid cane sugar refinery. Revised Table 23, following this page, summarizes the 
ejqpecced results. 




n 










Invasiment Coats for Differeni Levels of Pollurinn r„nr.„i 
-SMALL CRYSTALLINE LARGE rRVSTAi i imp 


LIQUID 

A-l 

1 

0 

K-1 y 

225,000 

3-1 


h2 

130,000 


180,000 

530,000 

294,000 + 47,000 y 
105,000 + 47,000 ^ 


235,000 

500,000 

+s.a(;o 

Not fVucticable 

130.000 

200,000 

483.000 

696,000 

490,000 

1,030,000 


524,000+ 120,000^ 1,100,000 + 420,000^ 

162,000 + 120,000 y Not Practicable 



1,455,000 

1,410,000 

s 

470,000 

1 , 000,000 

■2 

443,000 

■940,000 

.T.#l 

100,000 

150,000 

.T. #2 

294,000 

524,000 

T. #3 

443,000 

148,000 


Not Practicable 
Not Practicable 
Not Practicable 
200,000 
1 . 100,000 
Not Practicable 


Reflects EPA's Base A 

Additional Biological Treatment Plant for Blowdown at Estimated 2 %. 
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Incremental Yearly Operating Costs for Different Levels 

of Pollution Control__ 


SMALL CRYSTALLINE LARGE CRYSTALLINE 
-5 I 



$ 



A-1 

0 

0 

0 

A-2 1/ 

15,000 

16,000 

33,300 

B-1 

16,000 

11,000 

Not Practicable 

B-2 

53,000 

49,000 

79,000 

C 

16,500 

44,300 

63,800 

D 

135,000 

126,800 

201,000 

E-1 

31,700 

59,500 

140,300 

E-2 

31,000 

66,000 

Not Practicable 

n 

155,000 

149,000 

Not Practicable 

G-l 

63,000 

141,000 

Not Practicable 

G-2 

58,000 

129,000 

Not Practicable 

M.T. #1 

112,500 

42,100 

109,300 

M.T. #2 

139,500 

72,300 

184.400 

M.T. #3 

62,500 

141,800 

Not Practicable 


y Reflects EPA's Base A 


O 
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Total Investment Costs for Different Levels of Pollution Oinrrol 

LIQUID 

SMALL CRYSTALLINE 

LARGE CRYSTALL 



> 

-^^ 

•1 

0 

0 

0 

•21/ 

225,000 

235,000 

500,000 

1 

267,500 

280,000 

Not Practicable 

2 

355,000 

365,000 

700,000 


535,000 

848,000 

1,396,000 

• 

1,065,000 

1,338,000 

2,426,000 

1 

1,406,000 

1,982,000 

3,946,000 

2 

1,217,000 

1,620,000 

Not Practicable 


1,990,000 

2, 258,000 

Not Practicable 

1 

2,460,000 

3,258 000 

Not Practicable 

2 

2, 433,000 

3,198,000 

Not Practicable 

T. #1 

635,000 

998,000 

1,596,000 

T. #2 

929,000 

1,522,000 

2,696,000 

T. #3 

1,078,000 

1,146,000 

Not Practicable 


Reflects EPA's Base A 
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To.M VcarW OporA.Ing Costs for Different Levels of Pollution Cont iol . 

, jQUlp SMAL L CRYSTALUNE _I ,ARGE CRYSTALLINE. 



31,000 

68,000 

84,500 

219.500 
251,200 

250.500 

239.500 


27,000 

65,000 

109.300 

236.100 
295,600 

302.100 

258.300 


G-1 

302,500 

399,300 

G-2 

297,500 

387,300 

M.T. #1 

197.000 

151,400 

M.T. #2 

336,500 

223,700 

M.T. «3 

259,500 

293,200 


33, 

Not Practicable 
112,000 
175,800 
376, 800 
517,100 
Not Practicable 
Not Practicable 
Not Practicable 
Not Practicable 
285,100 
469,500 
Not Practicable 


1 / Reflects EPA’s Base A 




au 


« 

ppcndix D of this analysis reviews tlic invcstnient costs and basic cost assumptions ■ 
f Supplement A of the Development Document. Investment cor review is restricted 
) tlie large crystalline refinery as being typical. TTie review showed investment 
osts of the Supplement A to be grossly underestimated. 

ppendix H presents a realistically revised estimate of the costs in Supplement A 
f the Development Document. These revised estimates are summarized in tabula- 
ons of the four following pages. 

ppendix E is a summary of costs for model crystalline and liquid refineries’ treat- 
lent alternatives in the same format used in Section VIII of the Development Document, 
urpose of this appendix is to facilitate comparison of Development Docum -nt and 
evised costs for these treatment alternatives. 

, major consideration in the application of any control technology is the relationship 
etween investment cost and benefits received from effluent reduction. 

igures A and B, following this page, illustrate this relationship for the model large 
rystallinc refinery. In Figure A the refinery discharges wastes to a public treatment 
ystem; in B to a biological treatment plant for sugar-wastes only. 

^rom these plots it is apparent that costs increase exponentially as an approach is 
lade to 100 percent cumulative BODj reduction. Separate plots were not made for 
mall crystalline or liquid refineries. However, die summaries of investment costs 
3 r different levels of pollution control (immediately preceeding this discussion) show 
[lat diis statement also applies to these model refineries. 

from these two figures, it is apparent that the cost to move from the BPCTCA level 
0 BATEA level (from about 80% to essentially 100% BOD removal) is about the same 
s the cost to reach the BPCTCA level (80% remov^). Also, the costs for a refinery 
ddiout access to a public treatment system are substantially greater (70% - 75%) 
tian those for the refinery able to utilize the public treatment system. 

rhese exponential cost-benefit curves highlight the questionable value of attempting 
D reach essentially complete removal of BOD. The environmental improvement 
rom the removal of die last 20% of BOD from sugar wastes at a cost approximating 
hat for 80% removal does not appear to warrant the multi-million dollar expenditures 
equiredo 
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! ALTERNATIVE TREATMENT AND CONTROL TECHNOLOGY 
' COST BENEFIT RELATIONSHIP 

CRYSTALLINE REFINERY - 1900 METRIC TONS 











COST niiNiirrr uiiLATiONSiiri’ 
CRYSTALLINE KEFINliRY - 1900 METRIC 
; EPA - PROrOSED TECHNOLOGY 
BIOLOGICAL TREATMENT 


TONS 




Condenser Water .... 1 
Recyele with Dio- • 
logical 'lYeacmenc of i 
Blowdown; • I 





EPA Proposed 
1983 Uvei 


Biological Treatment , 
Process Waste —' > D 
Only! . : j 


EPA Proposed, j 
1977 Level { 


•’1 -— 


. Additional* Entrai I 
-Condenser Wat^ 


^ Dry Oisposal.of Fillet 
Piltd:- Aid- Recycle- 
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BOPs REDUCTION - CUMULATIVE % 


L.F1CURB B 









>. he non-water quality aspects of pollution control arc discussed on page 33849 of P 

1 Jie Proposed Effluent Limitations Guidelines (Federal Register, December 7, 1973) • 

» and on pages 114-116 of the Development Document. In both eases, the discussion 

is very brief and the non-water quaUty factors seem to be dismissed too quickly. |I 

; Some elaboration is warranted. 11 

ji, 

/ Pollution control installations will require additionjil electrical power for pumping, 
biological aeration, filter drives, cooling tower fans, etc. The requirements would 
depend on particular applications. The validity of the added power costs for various 
levels of treatment shown in the Development Document cannot be verified. However, 
accepting these figures, some interesting comparisons can be made. 

A small crystalline refinery employing treatments B-2, C, D and E-1 would require 
$37,540 of additional electrical power. Tliis would be 18% of the power cost of 
$209,000 without treatment. The large crystalline refinery, using the same technology, 
would require $113,400 in added power -- about 16% of the energy cost of $725,OCX). 

' Under present circumstances, in which emphasis is on reduction of energy use, these 
requirements of 16% - 18% more energy need clear justification in terms of environ- o 
mental Improvement. The Development Document makes no judgment at this point. • -le 
The implication is that the increased energy usage is fully warranted. No considera- |V( 
^^tion is given to the increased air pollution resulting from generation of this additional (n 

electrical power. ^ 

D 

The Development Document recognizes that lagooning under anaerobic conditions will t> 
produce malodors. The corrective measure specified is to use aerators (at additional x, 
cost) or shallow ponds less than two feet in depth (with additional land required). It ic 
is anticipated diat neither method will be completely effective and foul odors will je 

frequently be troublesome. 'o 

The Development Document mentions that spray drift from cooling towers may be a rii 
problem. It is true diat this can be reduced by proven design. There will still be o 
occasions, however, when drift will be an annoyance to nearby residents. Some of a-i 
the resulting problems are described in this quotation: 




"Primarily it can be a nuisance problem, from the aspect of 
spotting cars, windows, and structures. Towers adjacent to 
parking lots have been the source of many complaints. Drift 
can exist as a real hazard when towers are located adjacent 
to high voltage electrical equipment. Deposits from drift on 
this equipment have caused arcing and short circuiting problems. 

It can also cause icing problems on streets and highways. Proper 
towel location can alleviate or eliminate all of these problems" * 

From "Cooling Tower Fundamentals and Application Principles" by The Marley 
Company, Kansas City, Mo., p. 16. 2822 
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witli limited available land generally will not be able to provide 
proper tower location so as to prevent these drift problems. • 

^og^ng from cooling towers and spray ponds is not mentioned in the Develoomant 


exists as a nuisance factor which can create 
visibility and icing hazards. It is a i^enomenon that occurs 
on cooling towers over which there is very little control and 
normally occurs during periods of relatively low ambient 
temperatures. Fogging results from mixing warm moist 
tower discharge air with cooler ambient air which lacks the 
capacity for absorbing all the moisture as vapor. 

“.... TTie only sure way to avoid the problem is proper location 
of the towers in relation to possible sources of complaint." • 

^s"* k“. * produce undesirable noise 

^d be mire^ a complaints from nearby residents. TOs, of course, 

^ *" »rea but can be a source of difficulty even 

le ^sposal of solid wastes is acknowledged as a problem. Contrarv to the 

statement, the additional solids produced by wastewater 
ratment could be significant. For instance, the handling of waste sludee from an 

rrnp^ system is generally a major technical problem. This will likely 

iMe TOn-water quality aspects need to be given more consideration. Ihere needs 

“"f <1““^ problems is not cr^^tlM 

oWeme in air and noise poUution, in land use, Md In energy requinanitT 


““ ^‘“‘P*"" by Tl.e Marley 


V 
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APPENDIX D 


Critique of Supplement A, Development Document 
for Proposed Effluent Limitations Guidelines and New Source 
_ Performance Standards for Cane Sugar Refining _ 


Supplement A of the Development Document contains the only available information 
on Investment and operating costs used in the Development Document and Tables 4A 
and 4B of the proposed Effluent Limitations Guidelines. 

Tlie presentation of Supplement A lacks sufficient detail for an in-depth analysis of 
all costs. However, various identifiable items of the Supplement can be compared 
with actuality. These comparisons as noted below, show the costs of Supplement A 
to be unrealistically low and the equiixnent proposals to contain inadequate provision 
for reliable operation. 

In the following discussion, we have concerned ourselves solely with the large 
crystalline refinery. The observafions made could also be applied to the small 
crystalline aiv^ liquid refineries. 
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UPPLEMENT A, page 2, Basis of Cost Analysis 

Tic nineteen basic assumptions listed do not.include the most vital assumption - 
cquired to meet NPDES discharge permit conditions prohibiting bypass on shut- 
own (rf treatment facilities as long as any input to the facilities exists. Such 
onditions obviously will require standby equipment to allow for normal maintenance 
nd/or breakdown emergencies. 

em 5. Spray Pond Assumptions 

he design assumes that condenser water enters the cooling system at 123®F and is 
x}led to 93 F before returning to the refinery’s barometric condenser system, 
hese conditions do not reflect usual cane sug;ar refining practice. 

he 123®F condenser water temperature (entering the cooling system) indicates an 
i^erage vacuum pan absolute pressure of about 5" Hg, with a condenser approach 
mperature of 10 F. This 10®F approach temperature (vapor temperature minus 
>ndenser discharge water temperature) represents realistic water conserva- 
on design and operations for a cane sugar refinery. 

pwever, crystallization process requirements usually dictate an absolute pressure 
.3 to 4 Hg for refinery vacuum pans. For these conditions the condenser water 
scharge temperatures would be; 

4"Hg = 126®- 10® =116®F 
3”Hg = 115®- 10® =105®F 


ider these realistic absolute pressure conditions the water flow rate for the same 
at absorption, would be increased as noted below: 


)tion 

Absolute 

Pressure 

C'Hg) 

Water Temperature 

In Out Difference 

m m rp) 

Heat 

Pickup 

BTU/Lb 

Relative 
Water Flow 
(Volumes) 

la 

5 

93 

123 

30 

30 

1.00 

2 a 

4 

93 

116 

23 

23 

1.30 

3a 

3 

93 

105 

12 

12 

2.50 


le 93 F cooled water temperajture also represents an unrealistic operating value 
r many refineries, particulary in the more moderate clinates. A cooling system 
signed to deliver 93®F condenser water to a refinery previously having access to 
rface water whose summer maximal temperatures were 75® to 80®F would result 
greatly increased water flow requirements and probably larger barometric 
ndensers. The tabluadon below demonstrates the flow increase required to 
commodate a change from 80®F to 93®F condenser supply water. 

2370 


A-143 



Option 


Absolute 
Ftessure 
fHg) . 


Water Temperature 
In Out DlHerence 

(°F) CP) CP) _ 


Heat 

Pickup 

BTU/Lb 


Relative 
Water Flow 
fVolumca^ (Ratio) 


U 

lb 


5 

5 


93 

80 


123 

123 


30 

43 


30 

43 


2 a 

2b 


4 

4 


93 

80 


116 

116 


23 

36 


23 

36 


3a 

3b 


3 

3 


93 

80 


105 

105 


12 

25 


12 

25 


.Ir43 

0.70 

.1.57 

0.83 

2*50.2.08 

1.20 


The design conditions assumed to bJ 

cane sugar refinery operation. * arr^modate the increased flow (up to 

STS r/.sri!."a=^r™ 

of condensers, pumps and piping. 


Item 7. Evaporator Alteration Assumptions 
Unnecessary to alter roof. ^ 


J 

$8 

CO 


Iti 

hai 

op 

hoi 

toi 


Th 

COI 


Th 

re 

an 

lU( 


Evaporators are generaUy locat^ on ‘"'“r Sfe to"dVhe?ght”y 

of equipment on upper floors. 


I As 
me 

\a 

in 

of 

fac 


(2) Addition of reinforcing rings 


•niis is of course dependent upon design and physical 

Sifes. ItlUild iJ^ted that some e^Po^r^ii^wSrl exWMive . 

years old. In these cases modification would pro^lyreqmre eMensiv 

structural integrity reinforcement, /ifii'itud ^ nA* to 


(3) Major alteration to existing piping 


Su] 

lar 

ec( 


Ite 


r Oil'* AB" HiiimctGr vaoor lines to accommodate a 3 foot 


Item 9. Inplant Modification Cost Estimates 


rMTic assumption of 00 for labor is totaUy Inadequate. 
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It is assumed that inplant labor is available at straight time, a cost of approximately 
. 00 to $10.00 per hour much more nearly approximates sugar refinery craft labor 

Its. 

w 

is pointed out, however, diat because refinery mechanical crews arc not staffed to 
ndle modification work such as entrainment separator installation during refinery 
eradng periods, any such work must be done at overtime rates of about $15.00 per 
or. In practice, however, this modificaticxi work is usually done by outside contrac* 
‘s at a labor cost to the refinery of $15.00 per hour or higher in metropolitan areas. 

us the labor cost assumpUons of Supplement A represent only 25% to 50% of actual 
sts. 

e assumption of $1,000 per acre for land cost of inplant modifications is far from 
alistic. As noted in the introduction of Supplement A itself, land costs vary widely; 
fhile some cane fields in Louisiana may be assessed at less than a thousand dollars 
acre, to discuss the worth of land in downtown Brooklyn or Boston is almost 
licrous." 

clearly pointed out in the 8/6/73 USCSRA Task Force Critique of the Draft Develop^ 
mt Document, land costs in metropolitan areas vary from $88,000 to $660,000 per 
re. It should be noted that over 2/3 of the nation's sugar refining capacity is located 
such metropolitan areas where, in many cases, land is not available due to saturatioa 
die area with buildings and viable business enterprises. Thus waste treatment 
;ilities requiring ai^eciable land area are not practicable for urban refineries. 

jplement A makes it very clear in several places (Introduction and page 3) that 
kd costs of the Supplement are minimal. Where land costs are included, the 
>nomic impact is ^erefore understated. 

m 16. Contingency 

iplement A's contingency of 10 percent of installed cost would be reasonable for a 
ly en^neered installation of proven design and technology for a specific location, 
plication of this contingency to a budgetary estimate of an unproven technology at 
ny locations is inadequate. A contingency factor of 20% to 40% would be more 
aisde. 

m 18. Total Yearly Cost 

)plement A's yearly costs include both depreciation and interest. The yearly costs 
the Task Force critique do not include interesL 


2272 ^ 
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S upplement A, pages. Qualifying statements 

^ Item 19 . Municipal Treatment Hook-up Charges ^||f 

A nil investment cost assumption hook-up to a municipal waste system is grossly 
erroneous. Such work based upon the concensus of project costs at many refineries 
is $100,000 to $300,000 or iiiore. 

The actu^ connection to the municipal system is a minute portion of the required 
work. A tremendous amount of inplant piping modification is required to segregate 
and sometimes cool industrial wastes from existing outfalls, to transfer them 
(generally by pumping) to a central location and to meter such wastes to the municipal 
system for an equitable waste treatment charge accounting. TTie purchase of a single 
magnetic flow meter suitable for these waste flows costs over $5,000; simple duplex 
transfer sump pumps over $3,000. 


, 

! 
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SUPPLEMENT A. page 6 



Investment Cost Estimate 
Alternative D-1 

(Impoundment of Filter Slurry) 

w 

Included in die estimate are the following: 


Item 


Cost 

1. 

4, (XX) gallon storage tank 

$1,000 

2. 

2 - 100 gpm solids handling pump/motors 

$1,700 

3. 

Pipe and Fittings 

$3,800 


By comparison with the estimated cost for the storage tank, a 3,000 gallon tank for 
alter slurry service was purchased, on a large scale multi-vessel contract, for 

approximately $1,300 in 1964. A 1972 purchase price for a 2,000 gallon mild steel 
tank was $2,500. 

S 

■he 4,000 gallon storage tank for filter slurry will require an agitator, available at 
i purchase cost exceeding $1,500. The tank must also be equipped with a level 
:ontrol system. Such a system consisting of sensor-transmitter, control and 3 inch 
:ontrol valve will have a purchase cost exceeding $1,100. 

rhus die purchase cost for the tank, and internal equipment to make the tank opera- 
ional will exceed $5,000. 


[he 100 gpm solids handling pumps and motors are both undersized and underpriced, 
apparently the pumps were sized to handle the 60 gallons per ton filter cake slurry 
>f die model crystalline sugar refinery (Figure 18 of die Development Document), 
rills flow is equal to an average of 88 gpm. 

x/» '*^^**\ 

lowcvcr, tills flow assumes die existence of a filter aid recycle system for die raw 
^aste load or "zero treatment" Alternative A level-of the refinery. This assumption 
8 erroneous as previously demonstrated on page 16 of August 6, 1973 critique of the 
Iraft Development Document by this Task Force. The demonstration is repeated 
n Appendix B of this Critique. ^ 

he proper average design flow i s 300 gallon s per ^ or 438 gpm for the large 
rystalline refinery, requiring SOO gpni solids handling pumps. Cost information 
or this capacity pump was not available. However the following purchase prices 
we noted: 


2074 


A-147 



b. 


riun 9 sn trnm 25 hp slurtv pumps and motors was 

1972 price lor two 100 gpm, 10 hp slurry pumps and motors Is $4,360 
(Reference 2). 


■nic ®°®' ^4,%i)c”eKtasfre rf vaWercontrSs,*«c!°Thirwould 

?e^oM-^"ev’^mo« i«dequate Lng'Jh of pipe to co55ey the slurry to an 
Impoundment area (Reference 3). 

addition, the estimated costs have no ^Wsio«d^^^ 

JSno"Sor^^dn?tiTpSS.rk^Uonof conduit., ehi.. are 

not included. 


rN 


C 

e> A 7' 

,rc 7 
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SUPPLEMENT A. page IQ 


Large Crystalline Refinery 
Investment Cost Estimate 
Aiternative D-2 
(Dry Disposal of FUter Cake) 


The estimate includes the following items: 


Item 

1 . 


iPOft^ 


mud bin 


Cost 

$ 2,000 


4. 


Conveyor 


$4,000 


presupposes the filter cake to be available in dry (607 moisture) form 

~ orrr~e li^ aid 

^uld not be in existence unless recycle or dry disposal systems are in ser^e 
The purchase cost of suitable rotary vacuum filter equipment would be: 


■N 


Two 6' diameter 8* face rotary vacuum filters 
(Reference 1) 

Two centrifugal vacuum pumps 
(Reference 1) 


$64,000 

$17,500 


Two low pressure blowers 
(Reference 1) 

Vacuum Receiver 
(Reference 1) 


$ 4,400 
$ 500 


Two 500 gpm 50 HP filtrate pumps and motors 
(Reference 2) 


$ 4,300 


filter cake has an equivalent 
^rlS'ild cost^ef “"k, per d,e discussion of AlternaUve 
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The conveyor cost of $4,000 would purchase only 40 feet of 9 inch screw conveyor 
Reference 2). This minimally sized conveyor would not have sufficient length to 
move the cake away from the immediate filter area. One hundred feet is the lc 4 st 
reasonable length required. This (per Referaice 2) would cost $10, (XX) to purchase 
plus an additional $950 for a gear motor. 

Thus conveyor purchase costs would be at least $11,000 rather than the $4,000 of 
Supplement A. 

No provision is made for installation costs. Please see discussion of Alternadve 

B-1. 





1 


I 


O 
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UPPLEMENT A. page 14 


Large Crystalline Refinen 
Inveatment Cost Estimate 
Alternative C 
(Entrainment Reduction) 


Deluded in the estimate is the following: 


Item 


7 external separators (pans) 


Cost 

$18,000 


n 1972 die Serner Company, designers and fabricators for entrainment seoaramra 

«2,000 for one extern., separat^ an“i4T4 ’ 

riJise I”""""*™'’ “■ 

1 foe same year, quotations were made by a Northeast fobrlcator for an external 
scuum pan entrainment separator, using Demister mesh. 


Demister mesh and support grid 


$ 5,000 


Mousing witii sprays, steams and drain 
nozzles and access openings 15 qoo 

bis is 780% of foe unit purchase cost in Supplement A. (Reference 1) 
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SUPPLEMENT A. pages 19 and 20 

L^rgc Crystalline Refinery 
Inveetmcnt c!k)8t Estimate 
Alternative 6 

(Biological Treatment of Process Water) 
Included in the esdniate are the following: 


Item 


Cost 

1. 

6 pumps 

5 5,246 

2. 

Primary Clarifier 

15,480 

3. 

Secondary Clarifier 

18,920 


The cost estimates of Supplement A assume Ciat technology is existent and proven 
for this biological treatment of sugar refining process waters. Such technology is 
not existent and nowhere in the Development Drcument is any evidence of existence 
_ p resented. Therefore only limited comments on investment costs can be offered. 

Ihe purchase cost of pumps, however, can be commented upon. Per Figure 15 on 
page 19 of Supplement A, the 6 pumps can be identified as follows: 


Pump No. 

PI 

P2 

P3 

P4 

P5 

P6 


Primary Clarifier Feed Pump 
Primary Clarifier Overflow Pump 
Primary Clarifier Underflow Pump 
Aeration Lagoon Discharge Pump 
Secondary Clarifier Underflow I^mp 
Sludge Digester Discharge Pump 


The pump flow rates can be approximated from the process water flow of 350 gallons 
per ton of raw sugar and the treatment system schematic flow diagram of Figure 15, 
page 19, Supplement A: 


Pump No. Average 


PI 

500 

P2 

450 

P3 

50 

P4 

450 

P5 

50 

P6 

50 



Gallons per Minute 


Surge 

Total 

100 

600 

100 

550 

10 

60 

100 

550 

10 

60 

10 

60 
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'purchase cost of pumps and motors (per Reference 2) would de: 


Pump No. 

Pump 

PI 

$1,725 

P2 

1,725 

P3 

200 

P4 

1,725 

PS 

200 

P6 

200 

Total 

677^ 


Moiof 

$ 900 
900 
130 
900 
130 
130 
$37090 


Total 


$2,625 ' 

2,625 
330 
2,625 
330 
330 
$055 


ni^er. ^ pumps oe required, the pump costs would be 300 to 500% 


.nd motora in place of the 4.246 of ® 

naoUed for the foUowlng aj^irorfniate coattf^ refinery waate water clarifier waa 


Clarifier Mechanism Purchase 

Clarifier Structural & Mechanical InstaUadon 


$18,000 

62,000 

TiS.m 


: is noted that Supplement A contains 
r clarifiers. 


no provision for the installation of the pumps 




V 
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SUPPLEMENT A. page 25 


Lan.J Crystalline Refiner; 
Investment Cost iisumaie 
Alternative E~ I 


( Condenser Water 


ical Treatment) 


•me estimated costs relating to biological treatment have been discussed under 
Alternative D. 

coding tower costs of Supplement A^r “ » 

analysis of cost components. It is apparent ^^ . Iw^OTent cost estimate 

the 1400 000 estimate of Supplement A is not realistic. An investment 

of $L1 o 6,000 for the cooling tower installation is more realistic. 

« .. a.- Cl inn tmo coat mav very well be understated for the 1977 to 1983 

^ire pSli « ^pt wa's made to project future inflation effects. 
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COST ESTIMATES 
CXXDLINC TOWERS 


Estimate 1 - 

ISasis - Existing 8000 QPM tower at beet sugar factory 
'^Vestern United Sutes - 1965^ 


Item 

Cooling Tower 
Piping 

Supply Pumps 
Chlorination System 
Pumping Sumps 
Electrical 

Total 


Cost 

% 99,000 
124,000 
23,000 
12,000 
16,000 
16,000 

$290,000 


H 








Transfer of Construction Costs - Labor - 40% of Cost 

Mid-Atlantic ~ $7.55/hr. • • 

fountain Region (S. W.) = $6^7/hr. —^ ajqXucA 

^atio = 7. 55/6. 17 

Labor = 290,000 X 0.4 X 1.2iirir41.520 or $142. 

\ Material * 290,000 x 0.6 174,000 

Total for Atlantic Coast 1965 * $316,000 


Cost Estimates - Cooling Towers - Update from 1965 to 1973 
(Information Source - U. S. Bureau of Labor Statistics - 1/73) 

1965 to 1973 « X 316,000 * $521,400 oi $521,000 

Added Foundation Costs for Waterfront Area 


Base Cost 
Foundation Cost 


= $521,000 
* 50,000 

$571,000 






However, above is for 8000 GPM or 11.52 x 10^ GPD. This 
must be increased to an average daily flo w nf 2i y in6. cgn 
for model refinery. Als o summer hot w eather pumpinjt rate . , 

is IStyg of annual avfr agp nr - 31 X^-IQO GPP . (Notg: This L 

docs not take into account any increased flow necessitated T $ 

by higher temperature of cooling tower discharge than available \ \ 

surface water temperature.) 0^ ^ 
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Cost Estimates - Cooling Towers 


Therefore - (31.5 x 106 p.6 x $571,000 - 
(11.52 X 10*) 

^i[4)P*^x $571,000 » 

1.82 X $571,000 « SI. 039. 220 or $1,040,000 

This is without land cost. Land cost varies from $2/ft2 to 
$15/ft^ in metropolitan areas. 

Area should be 60 x 1(X) for tower + 3(X)% equal for access 
and auxiliaries. 

60 X 1(X) X 4 B 24,000 ft.2 minimum at $2/ft2 * $48, (XX) 
additional 

^ At $15/ft2 maximum - $360,000 additional 

- Above is absolute minimum land area and assumes that 
land is available. 


Estimate 2 

BasTs” Design Cost Estimate for 32 x lOO GPD Cooling Tower 
for Mid-Atlantic Area Refinery 


Item 


Cost 


Cooling Tower 

$ 175,000 

Tower Auxiliaries 

(Urban Area) 

50.000 

Pumps, Piping w/Freeze 

and Fire Protection 

350,000 

Tower Basin 

90,000 

Water Treatment Facilities 

25,000 

Electrical 

50,000 

Piling Foundation 

75,000 

Installation 

220,0001. 

Security 

25,000 

Subtotal 

i.o6o,odo 

Engineering 

106,000 

Contlngcnclos 

1.59,000 

Toul 

$1,325,000 


, 0001 . ^ 

/w\ ' 
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Cost Estimates - Cooling Towers 


I>16 


But this includes no land • Land area required is 
approximately 50,000 ft2 at $2.50 ft2 - $125,000. 


Estimate 3 

- Consulting Engineer Feasibility Study for 30 x 106 
CPD Cooling Tower at Western Urban Refinery. 

Cost 

5 505.000 
723,000 
300.000 
"■1,558,000 

382.000 

$1,910,000 

Above costs do not include land. Therefore add land oer 
estimate 1. 

1,910.000 + 48.000 * $1,982,000 

1,910,000 + 360,000 *$2,270,000 


Item 

Cooling Tower 
Pumping Station 
Piping 
Subtotal 

Contingencies, Engineering 
and Administration 

Total 


Estimate 4 

Existing 14 X 10* CPD Cooling Tower at Eastern 
Urban Refinery - 1972 




Item 


Cost 


Cooling Tower & Pumps $396,000 

Piping, Electrical, etc. 123,000 


Total. 


$519,000 


This excludes land cost - increase capacity to 32 x 106 CPD 
for Model Refinery 


519.000 

1.645 x 519,000 


- $853,755 or $854,000 
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Cost Estimates - Cooling Towers 


” AiljuHt for gt?»»grn|')lilc locncloii from S<wiiIic«5ki io 
Northeast. (Information Source - (3iemical Engineering • 
[)ecember 1972) 

Che mical Engineering - A comparison of labor costs for com- 
posite of labor costs (carpenter, cement mason, electrician, 
ironworker, laborer, operating engineer, painter, pipe¬ 
fitter) shows that Northeast labor costs are 152^ of South¬ 
east. 


Since labor * 40% of construction cost - 

Labor - 854,000 x 0.4 x 1.5 
Material - 854,000 x 0.6 


Add Waterfront Foundation 
per Estimate 1 


Add land costs per Estimate 1 

Minimum 1,075,000 + 48,000 
Maximum 1,075, (X)0 + 360,000 


$ 512.400 
512, 400 

$1,024,800 

50,000 


$1,074, 800 or $1,075,000 


s $1,123,000 
s $1,435,000 


SUMMARY 


Estimate No. Source 


Existing Beet Sugar Plant - 
Western U. S. 

Design Estimate - Mid- 
Atlantic U. S. 

Feasibility Study - Western 
U. S. 

Existing (3ane Refinery - 
Soudieastern U. S. 


• Without Land 
$1,040,000 
1,325,000 
1,919,000 
1.075,000 


(1) To all above capital costs must be added $48,000 to 
$S&0,000 for 0.5 acre of land, assuming land is available. 

(2) Estimates based upon design cooling water flow 
necessary (32 x 106 GPD) for model sugar refinery of 
1900 metric ton per day melt. 
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SUPPLEMENT A. page 34 


■ I^ge Crystalline Refinery 
hwp^^nt Cost Estimate 
Altqrnative F- f 

( Elimination of Proccii Water btacharge by Containmoat^ 

Die estimate includes the following: 

^ Cost 

1 Pumping Station $3,440 

Following the logic of the discussion under Alternative D, the pumptna station must 
lave a minimum of: 

2 5(X) gpm pumps and motors 

purchase $5,250 

1 3,000 gallon surge receiver 

purchase 2,500 

1 Level control system with control 

purchase 1,500 

$ 97 ^ 

?o these minimum purchase costs a factor of at least 200$^ must be added for 
nechanical, structural and electrical installation work. Tliis yields a total station 
osi of at least $28, (XX), not $3,400 as estimated in Supplement A. 




2886 



JPPLEMENTA. page 38 

Large Crystalline Refinery 
Investment Cost Estimate 
Alte rnative MT~1 1 MT*^> MT~3 

iRcharce of Process~Water. ([jo^Ung Water mowa^ n to Public Treajmgn^ 
Supplement A's estimate of no investment cost is not factual. 

Costs of revision to refinery piping and equipment to permU discharge of process 
» munfeSL" Iwers. rat^ from $100,000 to $300,000, based upon several 

recent installations (Reference !)• 







0*20 



References 

Refinery experiences; quotations, actual Installations, 
etc. 
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Machinery & Equipment Pricing Gjfide, 1972-ITO, 
Construction Publishing Company Inc,, New York. 


Building Construction Cost Data, 1972, Robert Snow 
Means Company, Inc., IXixbury, Mass. 
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1900 metric tons/day refinery 

Incremental Investment Cost 
Total InvesimcMit Cost 
Total Yearly Cost 


$ 200,000 

700,000 

112,000 


Alternative C: In Plant M odification to Reduee Entrainment 
' ^ of Sucrose into Condenser 


Costs: 545 metric tons/day refinery 

Incremental Investment Cost 
Total Investment Cost 

Total Yearly Cost 

1900 metric ton/day refinery 

Incremental Investment Cost 
Total Investment Cost 
Total Yearly Cost 


$483,000 

763,000 (with B-1) 
848,000 (with B-2) 
71,300 (with B-1) 
109,300 (with B-2) 


$ 696,000 
1,396,000 
175,800 


Alternative D: Biological Treatment of Process Water 

Costs: 545 metric tons/day refinery 

Incremental Investment Cost 
Total Investment Cost 

Total Yearly Cost 


19(X) metric ton/day refinery 

Incremental Investment Cost 
Total Investment Cost 
Total Yearly Cost 


$ 490,000 
1,253,000 (with B-1) 
1,338,000 (with B-2) 

198.100 (with B-1) 

236.100 (with B-2) 


$1,030,000 

2,426,000 

376,800 
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United States Cane Sugar Refiners' Association 
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PART II - ANALYSIS (continued) 



D. 


Control and Treatment Technology 
1, Process Wastes 

Sonic sugar refineries discharge process wastes to municipal or 
regi*)nal sewage trcJitinent systems, llowever, municiiml f>r 
regional sewage treatment systems of adequate capacity are not 
available to all sugar refineries, even in urban areas. 


Biological treatment of sugar refinery wastes alone is not a demon¬ 
strated existing technology (Level I), and is not very best technology 
employed by a specific point source within the industrial category 
or subcategory or readily transferable from one industry pre^ess 
to another (Level 11). TliCTefore, this biological tr^tment of sugar 
refinerv wastes alone does not meet the criteria of best practicable 
control technology" (1977 or Level I), or of "best available technology 
economically achievable" (1983 or Level II). 


On naee 126 of tlie Development Document reference is made to 
"currently available technology" employing "biological treatment 
in the form of activated sludge or aerated lagoons for use 
sugar refinery wastes. The Document further states that: With 
oroper design and with nutrient addition to the nutrient deficient 
wastes, these systems can achieve 90 to 95 percent treatment 
efficiency for highly orgamc wastes such as process wastewater 
from cane sugar refining." 

No demonstrated operational basis for this statement is offered. 


The Document's statement appears to be based upon the 1959-61 
pilot plant work of Bhaskaran and Chakrabarty on cane raw sugar 
mill wastes in India. (Reference No. 11, Section XIII, page 165 
of Development Document). Anaerobic digestion followed by 
aerobic ponding was used. 


The Bhaskaran work showed the following results for raw_si^£ 
mill wastes: 

Influent Effluent 

BOP (mg/1) BOP (mg/i) 


Stage 1 - Digester 
Stage 2 - Oxidation Pond 


1,600 

307 

272 


550 

87 

88 


2314 


-14- 


A-164 



PART U - ANALYSIS (continued) 


The contractor's Development Document (based upon corrected 
flows of Figure 22 of page 86 and upon Alternative D, page 141) 
has the following expected results for sugar refinery process 
wastes: - 


Influent Effluent 

BOD (mg/1) BOD (mg/1) 

Biological Treatment 

Activated Sludge approx. 500 approx. 20 

This extrapolation of results from a pilot plant biological treat¬ 
ment system on raw sugar mill wastes to yield a four times 
better effluent on sugar refinery wastes, without operational 
experience, is not considered to constitute "currently avaUable 
technology." 

2. Condenser Water 

Please refer to Analysis Section F; Effluent Reduction Attainable. 
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PART II - ANALYSIS (continued) 

E. Cost, Energy and Non-Water Quality Aspects 
1. Costs 

Capital costs, exclusive of land, are presented in Table A, overleaf, 
for various levels of assumed BOD reduction as affected by alternative 
treatment methods. 

It is emi^asized that the capital costs of Table A are exclusive of land 
costs which must be added to the capital costs of Table~X to reach* 
total capital costs for various alternatives. 

E)etail8 of cost calculations for the various alternatives^are set forth 
in Appendices B and C . The cost figures are based on actual in¬ 
stallations in many cases. 

The raw waste loading for Alternative A (no treatment) is given on 
page 139 of the Document as 1.54 kg BOD/kkg or 3.08 Ibs/ton. Our 
analysis of the source of this value shows the following breakdown; 

Discharge of filter aid slurries 0.18 kg/kkg 
Condenser water 0.54 

Char Wash water 0. 80 

Miscellaneous 0.02 

1.54 kg/kkg 

The filter aid value apparently came from Figure 27. This figure 
shows filter aid discard for a refinery with a filter aid regenerating 
system. Most refineries do not have such a system. For them, the 
filter aid slurry would have 5 x 0.18 or 0.90 kg BOD/kkg melt. Also, 
because the condenser water volume is greater by 29. 2% than that used 
in the Document, the base level for condenser water should be 0.70 kg/kkg. 
Thus the total base loading should be 2.42 kg BOD/metric ton melt. 

The breakdown of this figi '•e would then be: 


Discharge of Liter aid slurries 0.90 kg/kkg 

Condenser water 0.70 

I Char Wash water 0.80 

Miscellaneous 0.02 

! . 2.42 kg/kkg 


To reduce the filter aid discharge to 0.18 kg/kkg would require the 
installation of a regenerating system at a substantial investment cost; 
approximately $500,000. 
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PART II - ANALYSIS (continued) 


The following comments on various alternatives of 'I'ablc A arc noted: 

Alternative B 

The following refineries have installations to dispose of filter aid: 

Refinery 7 has spent $580,000 for this purpose, not 
including land costs. 

Refinery 8 estimates that value of equipment and land 
for dry disposal of filter aid would be over $500,000. 

Refinery 14 has spent $136,000 not including land for 
filter aid disposal. 

Alternative C 

This alternative is based on installation of Serner separators in the domes 
of eight vacuum pans and external to two refining evaporators and four 
specialty evaporators (2,100 ton refinery). 

Alternative D 

See discussion of Control and Treatment Technology. 

Alternative E 

The cost for a cooling tower to permit recycling of condenser water is 
estimated in the range of $1,000,000 -- $1,500,000. This varies widely 
with the location and condenser water usage. For instance. Refinery 14 
spent about $500,000 in 1972, while Refinery 7, with a melt of 4,000 tons 
per day ; 's an esiiriiated cost of $1,900,000 from a feasibility study. A 
cooling tower for a 2,100 ton/day urban refinery in the Northeast would 
undoubtedly cost more than $1,000, (XX) without land. It should be noted that 
the implementation schedule in the Development Document shows no land 
being required for a cooling tower. Actually, one half acre minimum would 
be required. 

Alternative F 

Investment costs associated with use of municipal sewers is not nil. The 
cost for collecting wastes and connecting to sewer lines has been from 
$150,000 to $300,000 for refineries with melts about the same as the 
model refinery. Also, municipal plants utilizing federal funds are now 
required to recover from industry its share of the investment. 
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PART II - ANALYSIS (continued) 

«""-y is 

the refinery paraclrStes wift ^f®’ ® P>™t in whici 

-other i^iusiries. should .« 

2^*not*e«luZ *e Development Document 


2. Energy 

not evaluated!^^ h^was not^^'^h^SSeJlr'^‘^^1^^ treatment were 

fining, as shown on page iS) ordTelL^mL^®. 

actually required. “ Document, is only about one-half that 


3. 


Non-wate r Environmental Aspeets 


SreJ^i:'S"L«~is «nr ®r®® *** cooung 

through condenser water utilizing DroDer°enr^ii*' direct discharge of once- 
preferable alternadve in some sftiStims control might be the 

added air polluUon resulUng from the geiieratton (rf *e "ieotion of the 
operate dte various treatment instaUaS^ar Z o/^^^J^.S^si:? “ 

S^‘ifnZ«. “'■'“““W® "Oise Which might be unacceptable 
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art II - ANALYSIS (continued) 

F. Effluent Reduction Attainable 

1. Use of Best Practicable Controls Technology (Level 1 or 1977) 

The Development Document, on page 153, states: 

"The effluent limitations which must be achieved by July 1, 

1977, are to specify the degree of effluent re duction attain^je 
through the application of ^e Best Practicable Control Tech- 
nology Currently Available. Best Practicable Control Tech 
nology Currently Available is generally based upon the average 
of best existing performance by plants of various sizes, ages 
and unit processes within the industrial category and/or sub¬ 
category. In the cane sugar refining industry this average ig^^^ 
based upon performance levels achieved .py e xemplary plants. 

(Underlining in this and following quotations were made by the Task 
Force for emphasis.) 

The Development Document, on page 154, then states; 

"Based upon the information contained in Sections 111 through 
VllI of this document, it has been determined that the degree 
of efflue nt reduction attainable throiugh the applicati on of the 
Best dilution Control Technology Currently A vailable is no 
discharge of wastewater to navigable waters. " 

The Development Document dien states, page 154: 

"Best Pollution Control Technology Currently Available for 
th«» ran<^ sugar refining industry is recycle and reuse ^f 
cert ain process waters within the refining process with land 
or municipal sewer di8ix>sal of excess water . Impl^entation 
of this requires the following: 

"a. Collection of all floor drains and recovery 
for sucrose content. 

"b. Recyclinp of condenser cooling water by 
means of a cooling tower or spray pond. 

"c. Minimization of sucrose entrainment in con¬ 
denser cooling water by the use of improved 
baffling systems, demisters, and/or other 
control devices. 

"d. Dry handling of filter cakes after desweetening 
with disposal to landfill, or complete contain¬ 
ment of filter cake slurries. 

-20- 
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PART U - ANALYSIS (continued) 


'*e. Complete containment of all wastes by reuse or 
land disposal. 

The following comments are noted regarding the above: 

1. The Development Document does not define the "average of best 
existing performance . . . based upon performance levels achieved 
by exemplary plants. " A review of various Document tabulations 
indicates that "exemplary plants" are employing a variety of treat¬ 
ment and control technologies with comparable final results. 

2. The Document statement that "degree of effluent reduction . . . 
is no discharge of wastewater to navigable waters" patently restricts 
the technology to total containment of all waste waters. This is 
essentially impossible for almost die entire production capacity of 
the refining industry and does not, in any manner constitute Best 
Pollution Control Technology Currently Available. 

3. The Best Pollution Control Technology Currently Available identified 
in the Document has the following errors: 

a. Equation of wastewater disposal to land (total containment) and to 
sewer is not possible. 

b. The identification is self contradicting in that "land or municipal 
sewer disposal" is set forth in one paragraph and "complete con¬ 
tainment" is specifically required in another paragraph. 

c. The technology requires use of bodi recycle and entrainment 
minimization for condenser waters. Practical experience and various 
Document tabulations indicates that either of these methods yields 
comparable exemplary results. Further, die statistical study 
(Reference 21 of the Development Document) submitted to ESEl by the 
Task Force gives strong evidence diat the net actual BOD discharge 
by once-through condenser system, with adequate entrainment con¬ 
trol, may well equal the "zero discharge" of treated recycle condenser 
water. 

The Development Document identification also places complete 
reliance on mechanical post-evaporative means of controlling en¬ 
trainment. I'iiis does not take any cognizance of the very basic fact 
that operating control techniques and technology of the evaporative 
process are a very vital part of pollution control. 

In summary dien, the attainment of condenser water effluent reduction 
through applies don of best pollution control technology currendy 
available must permit the use of at least the following three parellel paths: 

- 21 - 
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II - ANALYSIS (continued) 


(1) Recycle 

(2) Entrainment minimization (mechanical) 

(3) Entrainment minimization (operating practices). 


2. Best Available Technology EconomicaUv Achievable 


No evidence of Technology beyond that for test 

presented in the Development Document. '^erefOTC, 

offered on test Practicable Technology would apply to test Available 
Technology. 


3. New Source Standards 

See discussion of test Available Technology, above. 




CX)ST ESTIMATES 
DISPOSAL OF FILTER AID 


DRY DISPOSAL 

Southeast Refinery 


‘ Land Area involved for disposal is about 100 000 fi2 
two acres therefore if land must be provided, costs in 
areas would range from $300,000 to $1,500,000. 


or over 
urban 


’»«*• Western Refinery was 


Slurry Impoundment - No Data Available. 
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COST ESTIMATES -- ENTRAINMENT SEPARATION 


r 

I METI-iOD 1 ' Increase vapor disengaging space by increasing vacuum pan 
I straight side height by five (5) feet. 

Assumptions: 

a. Standard vacuum pan construction; Ni-Ciad 
Steel or Stainless Steel 

b. Increased height necessitates removal of 
existing roof and construction of penthouse 

c. Work performed on overtime 

Cost: $101,000 per vacuum pan or calandria evaporator 


METHOD 2 - Install primary and secondary separation (Serner type) 
in pan ^me. 

- Assumptions: 



a. New dome of standard vacuum pan construction 
will be required 

b. Installation feasible without disturbing existing 
roof structure, 

c. Work performed on overtime 

Cost: $68,000 per vacuum pan or calandria evaporator 


METHOD 3 ^ Install secondary and tertiary separation external to 
pan or evaporator in vapor line to condenser 

- Assumptions: 

a. Primary separation exists 

b. Space sufficient for installation in vapor line 

c. Work performed on overtime 

- Cost: $37,500 per pan or evaporator 


METHOD 4 - Combination of Methods 1 and 2 
- Assumptions: 

a. Standard vacuum pan construction 

b. New dome required A-174 
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COST ESTIMATES -- ENTRAINMENT SEPARATION 


c. Increased height necessitates removal of 
existing roof and construction of penthouse 

Cost: $130,000 per vacuum pan or calandria evaporator 

A p j )lication to Model Refinery -- 1,900 metric tons/day 

8 vacuum pans -- METHOD 2 
8 at $68,000 (1) 

2 evaporators (A-liquor and 
Sweetwater-- METHODS 
2 at $37,500 (2) 

4 specialty evaporators (sucrose 
syrup, invert syrup, etc.) 

-- METHODS (2) 

4 at $37,500 


TOTAL 


$544,000 

75,000 

150,000 

$769,000 


(1) Method 3 not feasible; no external space available. 

(2) External space available. 
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COST ESTIMATE 

BIOLOGICAL TREATMENT OF PROCESS WATERS 


Basis 1973 Preliminary Study for Southern Refinery 
Flow = 1.4 X 10^ GPD 


Activated Sludee System 


Aeration 
Clarification 
Flotation 
Digestion 
Filtration 
Sludge Disposal 

$1, 178,000 

Contingencies 236,000 

$1,414,000 or $1/GPD 
Above excludes land of about 1 to 1.5 acres. 

For Model Refinery at 1 x 10^ GPD 
Cost = $1,000,000 


$ 275,000 
232,000 
86,000 
279,000 
193,.500 
112,500 
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COST ESTIMATES 
COOLING TOWERS 


Estimate 1 - 


Item 


Cost 


Cooling Tower 
Piping 

Supply Pumps 
Chlorination System 
Pumping Sumps 
Electrical 


$ 99,000 
124,000 
23,000 
12,000 
16,000 
16,000 


Total 


$290,000 


Transfer of Construction Costs - Labor - 40% of Cost 

Mid-Atlantic =$7.55/hr. 

Mountain Region (S. W.) = $6. 17 /hr. 

Ratio = 7.55/6.17 = 1. 22 


Labor = 290,000 X 0.4 X 1.22 = $141,520 or $142 000 
Material = 290,000 x 0.6 
Total for Atlantic Coast 1965 = 


1965 to 1973 = 1.65 X 316,000 = $521, 400 or $521,000 
Added Foundation Costs for Waterfront Area 


Base Cost 
Foundation Cost 


= $521,000 
= 50,000 

$571,000 


However above is.for 8000 GPM or 11.52 x 10^ CPn Th<c 

average daily flow of 21 x lo6 GPD 

is 150% of annuIfavera'^orT?x'7o«"Sro^^N™'’‘"^^^^ 

surfafe"ateTetnTrat»e“T ^ 
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Cost Estimates - Cooling Towers 

'Ilicrcforc - (31.5 x kX’ P*6 x $571, (XX) = 

(11.52 X lO®^) 

(2.734)^*^ X $571, (XX) = 

1.82 X $571. (XX) = $1.039. 220 or $1.040.000 

TiiiS .s without land cost. Land cost varies from $2/ft2 to 
$15/ft2 in metropolitan areas. 

Area should be 60 x 1(X) for tower + 300% equal for access 
and auxiliaries. 

60 X 100 X 4 = 24,(X)0 ft.2 minimum at $2/ft2 = $48,0(X) 
additional 

At $15/ft2 maximum - $360,000 additional 

- Above is absolute minimum land area and assumes that 
land is available. 


Estimate 2 ^__ _ 

- basis - Design Ci>st Estimate for 32 x lO^ GPD Cooling Tower 

for Mid-Atlantic Area Refinery 


Item 

(Cost 

Clooling Tower 

$ 175,000 

Tower Auxiliaries 

(Urban Area) 

50,000 

Pumps, Piping w/Freeze 

and Fire Protection 

350,000 

Tower Basin 

90,000 

Water Treatment Facilities 

25,000 

Electrical 

50.000 

Piling Foundation 

75,000 

Installation 

220,000 

Security 

25,000 

Subtotal 

1,060.000 

Engineering 

106,000 

(Contingencies 

159,000 

Total 

$1,325,000 
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Cost Estimates - Cooling Towers 


But this Includes no land - Land area required is 
approximately 50.000 ft2 at $2.50 ft2 = $125.000. 


Estimate 3 

- Consulting Engineer Feasibility Study for 30 x 106 
GPD Cooling Tower at Western Urban Refinery. 


Item 


Ctost 


(Pooling Tower 
Pumping Station 
Piping 
Subtotal 

Cbntingencies, Engineering 
and Administration 


$ 505.000 
723.000 
300,000 
1.528.000 

382.000 


Total 


$1,910,000 


Above costs do not include land. Therefore add land per 
estimate 1 . ^ 


1.910.000 + 48.000 = $ 1 , 982,000 

1,910,000 + 360,000 =$2,270,000 


Estimate 4 

- Existing 14 X 10* GPD Cooling Tower at Eastern 
Urban Refinery - 1972 


Item 


(Dost 


Cooling Tower & Pumps $396, (XX) 
Piping, Electrical, etc. 123,000 


Total 


$519,000 


This excludes land cost - increase capacity to 32 x 106 CPD 
for Model Refinery ^ ^ ^ 

(32)0-6 X 519,000 = 

04) 

1.645 X 519.000 = $853,755 or $854,000 
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i> 08 C i^sumaicH ~ ouuxiiig luwexb 


- Adjust for geographic location from Southeast to 
Northeast. (Information Source - Chemical Engineering - 
December 1972) 

Chemical Engineering - A comparison of labor costs for com 
posite of labor costs (carpenter, cement mason, electrician, 
iron worker, laborer, operating engineer, painter, pipe¬ 
fitter) shows that Northeast labor costs are 152% of South¬ 
east. 

Since labor = 40% of construction cost - 

Labor - 854, (X)0 x 0. 4 x 1.5 
Material - 854, (X)0 x 0.6 


Add Waterfront Foundation 
per Estimate 1 


Add land costs per Estimate 1 

Minimum 1,075,000 + 48,000 
Maximum 1,075,000 + 360, (XK) 


SUMMARY 

Estimate No. Source_ _ $ - Without Land 


= $ 512,400 
= 512,400 

$1,024, 800 
50,000 


$1,074, 800 or $1,075,000 


= $1,123,000 
= $1,435,000 


1 

2 

3 

4 


Existing Beet Sugar Plant - 
Western U. S. 

Design Estimate - Mid- 
Atlantic U. S, 

Feasibility Study - Western 
U. S. 

Existing Cane Refinery - 
Southeastern U. S. 


$1,040,000 

1,325,000 

1,919.000 

1.075,000 


(1) To all above capital costs must be added $48,000 to 
$360,000 for 0.5 acre of land, assuming land is available. 

(2) Estimates based upon design cooling water flow 
necessary (32 x lO^ GPD) for model sugar refinery of 
1900 metric ton per day melt. 
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COST ESTIMATES 


DISCHARGE OF PROCESS WATERS TO MUNICIPAL 
__ AND REGIONAL SEWERS 


Costs of revision to refinery piping and equipment to 
permit discharge of process water to municipal sewers 
range from $150,000 to $300,000, based upon several ’ 
recent installations. 
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APPENDIX G 


Biological Treatment of Sugar Wastes 
As a Pra cticable Technology 

The Development Document (l.e., pp 70. 86. 118) and the d|scu«‘o" 
the propos^ guidelines [item (5) p 33849) assume that the 

sugar wastes to reduce ODD content is a practicable t. 

is made even though it is acknowledged that no refinery is utilizing this type of treat 
ment The basis^or this is that organic wastes such as those from sugar processing 
we highly biodegradable. This is very likely true but biodegradability is not enough. 
The resulting sludge must be separated from the waste discharge. 

Reports on the limited test work that has been done on sugar 'vastes indicate *at 

setting the sludge developed in biological treatment is a difficult 

preliminary laboratory work has indicated that settling of raw factory wastes m y 

Ite improved by appropriate biological loading and nutrient addition. 

is triK of refinerywastes is not known and. in any event, this ^ 

firmed by large-scale testing and actual plant operation over a period of time. 

The principal rationale for the belief that biological 'f'atment is practicable t^^^^ 

Nis that sugar wastes are now being treated, apparently successfully, in municipal 
systems. However, it needs to be recognized that the sugar w^tes are a 
portion of the wastes being handled in these public facilities. One .J* ^ 

Se sugar wastes will be about 40% of the total, is not y« ojjwating. 
cases the proportion of sugar wastes is much lower. The Development D^umenl 
correctly states, ”No cane sugar refinery currently utilizes an activated sludge 
system to treat its waste waters." (p 81) 

The Development Document, (p 117) in defining currently available technology 
(BPCTCA) states: 

"As a result of demonstration projects, pilot plants, and general 
use, there must exist a high degree of confidence in the engineering 
and economic practicability of the technology at the time of con¬ 
struction or Installation of the control facilities. ” 

This is a sound statement. In this case, however, there have been no demonstration 
projects or pilot plants that show that the biological treatment of 
is eWtive. Certainly, there is no general usage. Thus there ^® ^®^®^°^f 

"high degree of confidence” in the engineering and economic practlcabiUty of this 

technology. 

In the Development Document, EPA cites a number of references, wme of whl^ 
arc used to support its conclusion as to the practicability of the biological treatment 
of sugar wastes. Our comments on these follow: 
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1. Reference 9, p. 127, Bhaskaran and Chakrabarty. 

These authors used anaerobic digestion followed by aerobic ponding of raw 
sugar mill wattes. As was pointed out in the USCSRA critique of August 6, 
1973, the 6CMD in the effluent following this treatment was 87-88 mg/1. This 
work does not justify the assumption that the refinery wastcb can be treated 
in activated sludge or trickling filter systems to give an effluent with not 
more than 30 mg/1 DCMD. 

2. Reference 10, p. 127, "State of the Art, Sugarbeet Processing Waste 
Treatment, " EPA Water Pollution Control Research Series 12060 DSl. 

This is largely a summary of the treatment being given beet sugar wastes 
in the United States. These treatments involve considerable land usage 
for lagooning. Problems are encountered with odors and mud disposal. 
Treatment effectiveness is not clearly defined. 

Treatment at some European beet sugar factories is also described. Some 
are using activated sludge systems. However, these are all preceeded by 
lagooning. The costs involved are very high and it is recommended that, 
wherever possible, the wastes be discharged to public treatment systems. 
Again, it is not possible to determine the effectiveness of these European 
treatments. 

3. Reference 20, p. 128, "Anaerobic-Aerobic Ponds for Beet Sugar 
Waste Treatment, " (EPA-R2-73-025, February 1973). 

As the title indicates, this paper deals with die use of lagooning to 
reduce BCM5. Only 80% BOD removal was obtained in anaerobic ponds 
while 98% would have been obtained in subsequent aerobic ponds "had 
filtration or separation been applied to effluents. " Means for separation 
were not explored. 

It is significant that the authors of this paper recommend that: 

"A full-scale project should now be developed in California to handle 
the entire output of a 4 to 5 K-ton factory to demonstrate the feasibility 
of anaerobic-aerobic ponding for nuisance-free treatment of beet sugar 
factory wastes." (p 3) 

Thus, the authors conclude that the practicability of this treatment has yet 
been demonstrated, even for beet sugar wastes. 

n the attachment. Dr. Davis L. Ford of Engineering-Science, Inc., summarizes 
he current state-of-the-art of biological treatment of sugar wastes. Based on his 
nalysis, the conclusion must be drawn that biological treatment of these wastes, 
f this treatment can be successfully applied, cannot be expected to produce an ef* 
luent with less dian 100 mg/1 BOD. 
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There is no information on wastes from sugar refineries being successfully treated 
by biological methods except when considerably diluted by sanitary wastes. Until 
such time as refinery wastes have been subjected to separate biological treatment 
and adequate sludge separation obtained, the treatment cannot be assumed to be 
practicable technology capable of reaching the designated effluent concentratioqa of 
30 mg/1 BOD. 
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•State of the Art of High-Rate Biological Treatment 

Plant Wastewaters 


ivis 


^o?d7 


had ov^r the yea^J serS^^wlsf^^^ cane, has 

elevated organic contents of its wastewaters ^ Alrhn attributable to the 

cane industries have certain sitmificanf ntff the sugar beet and sugar 

Jie characteristics of the^r was“er production proces^s, 

x)unds which must be removed. arflsLentU^id^ cot"* 

ypically high in carbohydrates orinrinaiii/ ^ dentical. The wastewaters are 
lutrients nitrogen and phosohorua w? sucrose, and low in the Important 
ndustry is still somewhat i?its liifawt n«ffcuU®f‘T®"‘ the sugar 

luent requirements, and the use of wastewater " "®* Federal ef- 

een suitable for domestic wastes and ntw P'®"' designs which have 

> be generaUy unsaUsfactor? Pa“icul« 

■eatr.*nt systems such as activat^ sludL^^J Wgh-rete 

) these carbohydrate-laden wastewaters ConvmrionJi? applied 

lants tend to develop sludge bulkinj? anH * designed activated sludge 

Iters simply cannot provide the high organic problems while trickling * 

fluent criteria. The following teirf re®ew of sTwliS “ meet most 

e «ate-of-the-art of sugar imiustry wastewater literature illustrates that 
Id that considerable pilot and prototype scale studie^r^"* radier primitive 
fluent criteria and treatment pUnt dl^ign criterU can te s'^cwSl!*'"* 

imal placi to begin ie^'iihln aie*indusmy“ "’°®' 

red a state-of-the-art report presented Foundation has pre¬ 
arch Series (1). This documem offers a Pollution Control Re- 

Btry, but very little definitive informafi^^^^^ description of the beet sugar in¬ 
does cite various plants in the United States^vSiidi" treatment. 

^es no treatment design information lagooning and recycling but 

rope are mentioned. ^cludinrtirXmfrn^ ^ treatment schemes i^ 

rmany; the Newark, Ely and^Wlnain^f Wobern factories in 

mrles located in th’e NeVrCi! Srfa^^p " 

y the Ameln, Wisslngton, and Newark factories Belgium. Of these, 

items preceded by large lagoons with onW m/ to have activated sludge 

novals are reported to be good ’ Slijda«> ^ H’f^inial data available. However, BOD 
blem in the a«ivated swfS;atment^^^^ ® serious 

similar in nature to beet sugar wTstes .2!^^ wastewaters, which 

cated sludge bulking problei^^s in the seconda?^ rbfsystem mentioned 
r s operations. A paper concerning thp Amoi ^ for seven months of the 

Ige treatment (88-93 percent d#»nd.£ii system indicated good activated 

tee char«Kriiuc. **■' menZ 

However, another German publication indicated aerioua 
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. problems of generating "slime forming" bacteria in an activated sludge system 

^receiving beet sugar waste water, witli difficulty in achieving sludge settling in 
the final clarifier (4). They did indicate, however, that activated sludge could 
treat die waste very successfully. Additional information was presented concerning 
the Ameln factory, indicating good anaerobic decomposition of the beet sugar 
water preceding the activated sludge system. The anaerobic pond r^uced the BOD 
from 2,000 mg/l to 100 mg/1 although the retention time was several months (5). 

The anaerobic fermentation of beet sugar wastes combined with aerobic tteatment 
has been mentioned in two publications (6)(7). This concept for treating beet sugar 
waste streams Is presented as having merit as a successful hig^-rate treatment 
system. 

Three reports evaluating beet sugar treatability have been previously developed by 
The Amalgamated Sugar Company (TASCO) (8) (9) (10). The trickling filter study 
conducted by Peterson, et. al., indicated BOD removals of 95-96 piercent although 
the tests were conducted at 970F and no statistical information was presented as to 
process consistency. This was bench scale data only and full scale trickling filter 
performance treating sugar beet and potato processing wastes has been unsuccess! . 
Slicll, et. al., recommended an activated sludge process and predicted 85 percent 
BOD removal efficiency. This report made no mention of sludge irjlking pr^lcms 
other than the fact that aerated lagoons could not be considered because of Tilgh 
solids carryover." 

^ Using die literature and case histories as background ‘nformation, Englneering- 

^Science and TASCX) conducted a bench scale treatab ..ty study simulating activated 
sludge treatment of the Twin Falls plant effluent. The most significant conclusion 
was the indicated BOD removal of 95 percent providing the water temperature c^d 
be maintained at 19°C or above and good solids/liquid separation could be insured. 
However, sludge bulking was a persistent problem throughout the treatability 
which confirms bodi case history observations and cited literature. Morwver, BOD 
removal efficiency was reduced to 80 percent at a water temperature of 2”C. 

A document recently published by the EPA further discusses the anaerobic-aerobic 
concept (11). However, in this pilot scale study various operational problems oc¬ 
curred which render the data obtained somewhat unreliable in terms of providing d^ 
sign criteria for prototype systems. The effluent BCMD from this pilot facility ranged 
from 55 to 130 mg/l which is considered marginal treatment for discharge to most 
natural water courses. 

Lagoons and stabilization ponds have been used for a number of years by the beet 
sugar industry. Besides requiring significant land areas, they frequently cause odors 
and rarely produce an effluent suitable for discharge into surface or ground waters. 
Effluents with less than 100 mg/l of BOD from these systems are very uncommon. 

As with die processing of sugar beets, there are no known full scale applications of 
the activated sludge process treating exclusively cane sugar wastewaters in the U. 

^ S. There have been some pilot scale and bench scale investigations of the activated 
sludge process which indicate that cane sugar wastewaters have similar treatability 
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lharacteristics to beet sugar wastes. A recent laboratory scale study in South 
ifrica indicated that activated sludge can effectively treat cane sugar factory wastes 
»rovidcd that sufficient nitrogen and phosphorus are supplied and the organic 
oading is maintained at 0.6 lb CCX>/lb MLSS-day or lower (12). At higher loadings 
ind with limited nutrients, sludge bulking was observed. It must be noted that-in 
his study, the influent organic loading was held constant, which obviously will not 
e the case when considering a full scale system. Thus, the concept that sludge 
lulking can be prevented with sufficient nutrients and by maintaining low organic 
oadings may not be true for full scale systems. Performance of existing activated 
ludge systems receiving similar type wastewaters underscores this point (10). 

in unpublished paper (13) references pilot scale studies of activated sludge which 
eportedly showed cane sugar wastewaters could be treated to effluent DOD <evels 
f 20 mg/1 provided sufficient nitrogen and phosphorus are supplied and organic 
[>adings of 0. 25 lb BCX)/lb MLSS-day are not exceeded. However, no operational 
ata are provided to verify these statements and additionally the report states that 
biological sludge widi a high sludge volume index and poor settling characteristics 
an be expected. Cane sugar wastewaters have also been treated in various com- 
inations of anaerobic and aerobic lagoons. These systems have been plagued with 
tie typical problems of odors and poor quality effluents. Pilot studies of cane sugar 
wastewater treatment in anaerobic digesters and waste stabilization ponds resulted 
[1 effluent BOD values of approximately 100 mg/1 (14). ' * 

n summary, it can be seen that the preponderance of the available data on treatment 
f wastewaters from the sugar industry comes from bench and pilot scale investigatione. 
lie major waste treatment problems of both beet sugar and cane sugar processing 
re essentially identical. Most of the data for both types of sugar wastes indicate 
lat special design and operational criteria are necessary if adequate and cost ef- 
setive wastewater treatment is to be obtained. Until sufficient pilot and full scale 
perational data are obtained to verify the current concepts of sugar waste biological 
reatment, the establishment of effluent criteria for the sugar industry, bodi beet 
nd cane, is conjectural in nature. 


Davis L. Ford, Ph. D., P. E. 
" Regional Vice President 
Engineering-Science, Inc. 
Austin,’Texas 
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£3 JAU UlMITfeO aTATBB 

CAIME SUGAI^ REFIMSRG* 


« A. HOFF January 23, 

Mm 

Information Center 

U. S. Environmental Protection Agency 
Washington, O. C. 20460 

Attention: Mr. Riilip B. Wisman 

Dear Sir: 


ABSOCIATION 


i 



On January 7 this Association submitted to you comments in response to 
die Notice of Proposed Rulemaking entitled "Crystalline Cane Sugar and 
Liquid Cane Sugar Refining Subcategories Proposed Effluent Limitations 
Guidelines, " which appeared on page 33846 of the Federal Register, 
Volume 38, No. 235, dated December 7, 1973. Our submission included 
a study of the economic impact of these proposed guidelines prepared for 
us by Robert R. Nathan Associates. 


Because of the pressures imposed by the January 7 filing date, neither we • 
nor Robert R. Nathan Associates had time to double-check certain com¬ 
putations contained in the economic impact study. Subsequent to our filing, 
we discovered a computational error in Table 1 of the Nathan study -- which 
has an effect upon certain related tables and text -- but not upon the findings 
and conclusions. 

Enclosed are three copies of an "ERRATA" which is submitted to correct 
the error -- affecting the calculation of after-tax cash proceeds. Each of 
the recipients of our January 7 submission should be given a copy of the 
enclosure. 


We re^et the "computational error" but are confident you will understand 
that mistakes sometimes slip by when people are working under stress and 
against a very tig^t deadline. -> 



2975 

enclosures - 3 
iah/p 
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1001 -CONNECTICUT AVENUE • WASHINGTON, D.C. 20036 • 783'24S6 





A 

ASSOCIATES. INC. 

1200 EIGHTEENTH STREET. NW, WASHINGTON. OC 20036 
PHONE 202/833-2200 TELEX. 248482 CARLE NATECON 

January 21, 1974 

ECONOMIC IMPACT 
OF THE 

ENVIRONMENTAL PROTECTION AGENCY'S 
PROPOSED EFFLUENT LIMITATION GUIDELINES 

FOR THE 

CANE SUGAR REFINING INDUSTRY 


ERRATA 

The attached pages replace their counterparts in 
the original report (dated January 7, 1974). The changes 
reflect the correction of a computational error affecting 
the calculation of after-tax cash proceeds, and the correc¬ 
tion of typographical errors. 


RRN 

;OBBRT R. NATHAN 


Attachments: 

Pages 10, 12, 19, 20,28, 32 and 33. 
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Table 1. u.S. Cane Sugar Refineries:^/ Average Sales and 
Cost Data by Model Refinery Size#^/ 1972 

(In thousands of dollars) 


Item 

Liquid 

Crystalline 


Small rural Large rural 

Urban 


Sales. 

Raw sugar costs_ 

Operating costs 
and expenses. 

Total costs. 

Net profit before 
taxes. 

Net profit after 
taxes. 

After-tax cash 
proceedsc/........ 


30,864 

21,680 

23,871 

15,421 

6,553 

5,924 

30,424 

21,345 

440 

335 

229 

174 

470 

.482 


72,284 

118,795 

53,659 

87,045 

17,757 

30,764 

71,476 

117,809 

868 

986 

451 

513 

1,305 

2,344 


cent^of^S[^"?q 75 ® refining companies, accounting for 90.7 per- 

refining capacity of the total U.S. industry (main- 
land U.S. plus Hawaii and Puerto Rico). ^uuuatry ^maln 

defined and characterized in Environmental 
Protection Agency, Office of Planning and Evaluation, Economic 

Guidelines - Cane Su.a^ 


- jr 1973, table 1-8. 

c/ Net profit after taxes plus depreciation and interest. 


Lina 


Source: 


R. Nathan Associates, Inc. from infor¬ 
mation supplied by United States Cane Sugar Refiners' 

except net profit after taxes, 
which assumed a 48 percent tax rate, and the depreciation 
components in after-tax cash proceeds figures, 
I ich came from EPA Economi c Analysis ^ op . cit ., teUsle 
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Table 3. U.S. Cane Sugar Refineries:- 

Ratios by Model Refinery Sizes,-' 1972 


Financial 


Item 


Liquid 


Crystalline 

Small rural L arge rural | Urban 
Thousands of dollars 


Net profit be- 
fore tax. 

440 

335 

868 

9 86 

Net profit after 
tax. 

229 

174 

451 

513 

After tax cash 
proceedsc/. 

470 

482 

1,305 

2,344 

"Total ,^vest- 

Sales. 

5,852 

30,864 

5,349 

21,680 

11,663 

72,284 

25,829 

118,795 


Percent 


\J 


ROI before tax.. 

7.5 

6.3 

7.4 

3.8 

ROS before tax.. 

1.4 

1.5 

1.2 

0.8 

ROI after tax... 

3.9 

3.3 

3.9 

2.0 

ROS after tax... 

0.7 

0.8 

0.6 

0.4 

Cash flow-'^. 

8.0 

9.0 

11.2 

9.1 


TT—52 refineries of 13 refining co^^)^mies, accounting for 90.7 per- 
lent of ^^^1^7^rekning capacity of the total U.S. industry (main¬ 
land U.S. plus Hawaii and Puerto Rico) . ^ 

h/ Model sizes as defined and characterized in Environmental Pro 
tection Agency, Office of Planning and'Evaluation, Economic Analysi s 
of ProSosirEfkuent Guideliner” Cane Sugar Refining IndustrZT 
October 1973, table 1-8. 

c/ Net profit after tax plus depreciation and interest. 

^ Afteftax cash proceeds as a percent of "total investment." 

Source: Compiled by Robert R. Nathan Associates, Inc. from infor¬ 
mation supplied by United States Cane Sugar 
Association member firms, except net profit after tajes. 
which assumed a 48 percent tax rate, and the 
and interest components in after-tax cash proceeds figure , 
which came from EPA Economic Analysis , o£. ci^., taoie 
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Cash Flow 


The base case cash flow situation for the four model 
refinery sizes is shown in table 8. That table compares 
the present salvage value of the refineries with the sum of 
the present values of (a) operating the plants for 20 years 
as they operated in 1972, and (b) the salvage proceeds in 
the 21st year. It employs the 20-year time horizon used in 
the EPA analysis, and similarly deducts depreciation charges 
from the after-tax cash proceeds to arrive at net cash flow. 

As the EPA study points out, the eguation of annual deprecia¬ 
tion with replacement investment for plant maintenance 
"...corresponds to operating policies of some managements and 
serves as a good decision rule for replacement in an on-going 
business."—^ As table 8 illustrates, all four refinery 
categories yield a negative cash flow under these circumstances, 
using the 8 3/4 percent cost of capital. Actual rates of 
return vary only slightly eunong the categories, with urban 
refineries yielding the lowest rate (5.1 percent) and liquid 
refineries the highest (8.3 percent). 


1/ Ibid., p. IV-7. 
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Table 8. U.S. Cane Sugar Refineries; Base Case Cash Flow 
and Rate of Return, by Model Refinery Size 
(In millions of dollars) 



Discounted 
present value 

Cash flow 
(annual) : 

After-tax cash 

proceeds. 

Less: 

Depreciation. 
Net cash flow. 
Present valued 

Salvage pro¬ 
ceeds : 


Amount..... 
Present value' 

Total. 




Present value 
Salvage proceeds, 
Net. 


.470 

.482 

1.305 

2.344 

.140 

.168 

.561 

1.402 

.330 

,314 

0.744 

0.942 

3.07 

2.92 

6.91 

8.75 

3.93 

4.94 

11.19 

17.99 

0.68 

0.85 

1.92 

3.09 

3.75 

3.77 

8.83 

11.84 

3.93 

-0.18 

4.94 

-1.17 

11.19 
-2.36 

17.99 

-6.15 

8.3 

6.2 

6.5 

5.1 


c/ 

Rate of return- ^ . 

g/ Annua l cash flow for 20 years, discounted at 8 3/4 percent 

I/' rtrs^n/eflSrof-falvi^e-proceeds 21 years hence, discounted 

st 8 3/4 resen^valifif income (for 20 years) 

|{us’^tSeTesent'':)i°ue"Sl ^SnaU^e proceeds in the 21st year 
is just e^al to the present salvage proceeds. 

source: cash flow: table 1 and EPA Economic Analys . ^ , oe- , 

table II-l. Salvage proceeds; table 7. 2980 


A-194 







28 



A-195 
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cost estimates compounded by the errors made with respect 
to the financial considerations which are at play in the 
industry. As table 14 reveals, achieving the BAT level 
of control produces large negative cash flows, using an 
8 3/4 percent cost of capital. In absolute terms, the most 
extreme cases are those of the urban refineries which must 
install alternawives C, D, and E-1, where negative cash 
flows of over $11 million are projected when BAT is achieved. 

In relation to the base case situation, however, it is the 
small rural refineries which require alternatives C, D, and 
E, and the large rural refineries which need alternatives D 
and E-1, which are most adversely affected. In the aggregate, 
to go from the 1972 situation to the achievement of the BPT 
level of pollution control requires 36.7 percent of the indus¬ 
try to experience negative discounted flows of over $2.5 
million; to go on from BPT to BAT means that fully 72.3 percent 
of the industry's refining capacity will have to incur additional 
negative cash flows of over $1.5 million. Taken together, 
meeting the EPA proposed guidelines means that refineries 
representing over 80 percent of the industry's capacity will 
experience negative discounted cash flows in excess of 
$5,000,000. 

Table 14 also reveals the rates of return which are 
generated by the several categories of refineries in moving 
from the base case to the attainment of BPT and BAT control 
levels. At the BAT level the lowest rates are produced by 
the small rural refineries requiring alternatives C, D, E-2 
and E-1 (0.4 percent), the small refineries needing C, D, and 
E-2 (0.6 percent), and the urban refineries requiring C, D, 
and E-1 (1.1 percent). Those same categories are also lowest at 
the BPT level, where they return only 1.7-2.0 percent. The sig¬ 
nificance of these rate-of-return data lies in their divergence 
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from the cost of capital (8 3/4 percent). The rates 
denote the interest rate at which a prudent refinery 
operator is indifferent as to liquidation of the plant 
or continued operation, when the rate of return is 3 
or 4 percent and the refiner's cost of capital is 8 or 
9 percent, the prospect of continuing to operate the 
plant is most unattractive. 

Broadly speaking, tables 13 and 14 illustrate the 
fact that the impact of achieving the guidelines is severe. 
Prices must be increased by virtually all refinery cate¬ 
gories. With the present cost of capital at 8 3/4 percent, 
all refinery categories yield negative cash flows. Refineries 
representing 35 percent of the industry's capacity generate 
rates of return of less than 3 percent. It is impossible to 
say how many plants will be forced out of business, but 
certainly the consequences of attaining the guidelines will 
be far more serious than were envisioned by EPA. 
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I. SUMMARY AND CONCLUSIONS 


This report has been prepared at the request of the 
United States Cane Sugar Refiners' Association. It examines 
the economic impact to the U.S. cane sugar refining industry 
of implementing the EPA proposed guidelines which pertain to 
the effluent limitations of that industry.-^ In doing so, 
it draws heavily on an EPA-sponsored economic impact study. 

It also draws upon the revised capital and operating cost 
data which were prepared by a USCSRA Tachnical Task Force. 

The report concludes that on the basis of its financial 
performa-nce in 1972 (the EPA base year) , the cane sugar 
refining industry is unable to undertake the very significant 
capital and operating costs which will be required to meet 
the guidelines without incurring serious financial loss. 

The costs to implement the guidelines are very large (capital 
costs alone will amount to nearly $38 million) and make no 
contribution to corporate profits. They cannot be incurred 
without either a revenue increase or endangering the continued 
operation of a number of refineries. The price increases which 
will be necessary even to maintain the low 1972 profit level 
range to around 14 percent of refiners' margins. Competitive 
pressures exert a possibly intolerable squeeze on affecced 
refiners: price competition prevents the required price in¬ 
creases from being passed on to the public; narrow profit 
margins prevent such costs from being absorbed. 
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In fact, the largest pl 2 mts will be among those most 
seriously impacted. These are the urban refineries which 
constitute around 70 percent of the industry's productive 
capacity. Their economic performance in the base year of 
1972 was the poorest of any category of refinery, and the 
added burden of the proposed guidelines aggrevates their situa¬ 
tion further. 

The 1977 investment costs for affected refineries remge 
between 2.7 and 18.1 percent of "total investment" (i.e., net 
worth per books) depending on the type of plant, size and 
location. Annual operating costs for the 1977 standards vary 
from 0.05 to 0.79 percent of 1972 sales. For the 1983 stan¬ 
dards, the required investment ranges from 4.1 to 30.2 percent 
of "total investment," and annual operating charges are be¬ 
tween 0.12 and 1.57 percent of 1972 sales. 

The EPA proposed guidelines themselves assert that the 

standards "...could threaten from three to six plemts in the 

industry."—^ The "threatened" refineries are not identified, 

however, and there is no way to test the validity of that 

assertion. (This study places all the refineries in categories 

according to their size emd location, and analyzes the economic 

impact of the guidelines on the categories. This is the practice 

which was employed by EPA, and is necessary to avoid the 

oisclosure of any company's confidential information.) Ho - 

ever, it is fair to assume that the EPA statement understates 

% 

the true number of threatened refineries, because EPA under¬ 
estimated the unit cost to install and operate the necessary 
equipment. (EPA estimated total capital costs to attain the 


XT EPA proposed guidelines, o£. cit ., p. 33849. 


2987 



A-201 


3. 


1983 guidelineg at $15.0 millionthe USCSRA corrected 
estimates total $37.6 million, with an additional $4.7 million 
per year being required for operational expenses after 1983.) 

It is beyond the scope of this study to attempt to 
measure and quantify the social and public benefits which will 
be derived from the implementation of the proposed guidelines, 
or to relate such benefits to the costs. It is assumed that 
such benefits have been quantified by EPA, and that they have 
been found to exceed the estimated costs. Since costs are 
now shown to exceed the EPA estimates, it would seem to be 
desirable for the Agency to relate the revised cost data to 
total benefits and to test again the overall economic feasibility 
of the guidelines. It is also worth noting that, while the 
benefits may be public, the costs are not public costs. Rather, . . 

are private costs, and will have to be borne by the industry, 
not the public. The increased costs cannot be passed on in ■ 
the form of increased prices. This is noted in the EPA economic 
analysis.^ Other sugars are', for many purposes, substitut¬ 
able for cane sugar. Cross elasticities of demand between 
cane and beet sugar on the one hand, and between cane and 
corn sweeteners on the other, play an important part in the 
cane sugar price structure, and effectively prevent cane price 

increases. 

Since this report cannot examine the likelihood of 
specific, individual plant closures, it does not-deal quan¬ 
titatively with the "spillover" effect of any such closures 
on the communities in which such plants are located. It is 


IT lbid ,~~p. 33848. 

5/ See tables 11 and 12. 

7/ EPA, Economic Analysis , op . cit ., p. VI-3. 
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apparent, however, and should be noted here, that the impact 
of any such closure does permeate the local economies.^ 

Because of the employment multiplier effect, the closure of 
a plant employing 1,000 people in New Orleans, for example, 
would ultimately cost the jobs of an additional 2,600 workers.^ 
These effects appear to have been totally disregarded by EPA. 

The proposed guidelines state that threatened plant closures 
"...represent between six and twelve percent of current in¬ 
dustry production."-^ Such closures, EPA then asserts, "... 
shou^? not result in any significauit employment or community 
effects." That is simply not true. Ten percent of the indus¬ 
try's productive capacity represents over 1,200 employees, 
with a combined payroll of over $13,000,000 per year. The total 
number of workers affected by plant closures would be around 
3,700 with a reduction in aggregate income of nearly $40 
million. This is significant indeed, and the EPA position 
is totally unrealistic.^ 

EPA similarly neglects any mention of the possible 
effects of plant closures on resulting market shares. Such 
effects clearly depend on where such closures occur, but 
the impact on the shares of remaining suppliers could be 
profound. In more general terms, the effect of plant closures 
will not be uniformly felt across the country, and lumpiness 
could have significant implications. 


1/ The impact of an existing sugar* refinery on local commodi¬ 
ties has been analyzed in Cane Sugar Refining in the U nited 
States; Its Econom ic Importahce . R.R. Nathan nr. t.... 

V Ibid ., p. 54 

1/ proposed guidelines, o£. cit ., p. 33849. 

V The anticipated closure ot the Revere refinery in Charlestown, 
Massachusetts was publicly announced in the Boston Globe of Jan- 

1974 (p. 3). It is not yet known whether the shut-down 
will result in the permanent closure of the plant or in its con- 

ownership. For this reason, the/^osyre 
was not taken into account in this study. 
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On balance, then, the proposed guidelines appear to 
have been based on underestimated costs and ill-considered 
consequences. The 2d3ility of the industry to withstand any 
unrecoverad>le financial burden is question 2 d)le; the burden 
proposed by EPA is clearly excessive. 




I 








II. INTRODUCTION 


To the ceme sugar refining industry, the true economic 
impact of implementing the EPA guidelines will be severe. 

Direct costs to cover the capital investments will approach 
$38 million. When the final limitations are attained, the 
operating charges will exceed $4.7 million per year. 

An EPA economic analysis was conducted to determine 
the impact of implementing the guidelines.i/ That study drew 
upon another EPA report^ for estimates of capital and operating 
costs for the equipment necessary to satisfy the EPA effluent 
guidelines. In addition to those cost data, the EPA economic 
analysis made a number of independent assumptions regarding 
the financial conditions of the industry. Key assumptions 
dealt with the cost of capital to the industry, the values 
of real property and plant salvage values. Based on the 
technical cost estimates and these (and other) finamcial 
assumptions, the EPA study employed a discounted cash flow 
analysis to reckon the financial situation of the industry 
in 1972, and how that situation would be affected by the 
installation and operation of the required equipment. However, 
certain errors in the estimates of technical costs were 
compounded by other errors in critical financial assumptions, 
and the conclusions sxibstantially underestimate the true 
impact. 

In 1972 (the EPA base year) the urban cane sugar refin¬ 
eries did not yield a financial return on liquidating values 
sufficient to cover the cost of capital. Using actual land 

17 EPA, Economic Analysis , op . cit . 

2/ Development Document for Effluent Limitations Guidelines and 
Standards of Performance; Cane Sugar Refining Segment of the 
Sugar Processing Industry , Environmental Protection Aoenc^-^:i4l73. 
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values and other financial operating data as reported by the 
industry meinbers# a discounted cash flow analysis yields. 19 72 
internal rates of return of between 7.3 and 10.6 percent for 
the various model refinery categories, compared with a realistic 
cost-of-capital estimate of 8 3/4 percent. Installation :uid 
operation of the required pollution control equipment reduces 
the rate of return to below the cost of capital for all affected 
refinery categories. In the face of such evidence it is difficult 
to understand how the industry can be expected to make the 
required investment without some form of relief. 

It should be emphasized that the basic analytical 
techniques employed in the EPA economic study are not being 
challenged here. Similarly, much of the basic data and many 
of the estimates are essentially sound. However, the following 
key assumptions are erroneous and must be corrected if the 
economic effects are to be accurately assessed: 

^ 1. Cost of capital for the entire industry, computed 
by various methods at 6.8 percent and 8.5 percent, is used 
in various parts of the financial analysis at 6 1/*, 7, and 
7 1/2 percent. These calculations are all low, and a figure 
of 8 3/4 percent may be regarded as a minimum weighted average 
of debt plus equity capital. 

^ 2. Land salvage values, taken by EPA at 100 percent 
of estimated book value, are too low, as many urban refinery 
properties were acquired when land Values were far below 
present market prices. As will be shown, real property salvage 
values are higher t^an those used in the EPA study. 

^3. Plant salvage values, used in the cash flow analysis, 
fail to take account of a significant tax benefit which would 
S accrue in the event of plant disposal. 
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In addition to these specific, and major, problems, 
a recently conducted survey of United States Cane Sugar Refining 
Association-mentoer firms (which represent nearly 97 percent 
of the mainland U.S. refining capacity) reveals a number 
of minor discrepancies with the EPA economic study. In the 
following analysis, corrected data have been used in place 
of the EPA figures. Throughout, the discounted cash flow 
methodology is retained, as it is conceptually sound. 
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III. THE PRESENT SITUATION 
Financial Profile 


Selected financial and operating data for the refineries 
of USCSRA-member refiners for 1972 were collected and assembled 
by Robert R. Nathan Associates, Inc. This was done at the 
request of the Association. These raw data have been grouped 
by refinery size auid type in accord 2 mce with the model plant 
categories adopted by EPA. They represent the operations 
of 22 cane sugar refineries. Data were not collected for 
the Puerto Rican refineries, or for two mainland refineries 
whose operators are not members of the Association. With 
those exceptions, the RRNA-collected material covers precisely 
the same universe as that discussed in the EPA economic report. 

Basic financial data for 1972 are shown in terms of 
total dollars (table 1) £uid dollars per 100 pounds of refined 
sugar produced (table 2). It reveals that, on balance, net 
income after taxes represents 6 cents on sales of $12.72, 
or less than five-tenths of one percent. Net income per 
cwt before Federal income taxes as shown in table 2 may be 
compared with "net profit" data presented in Table II-5 of 
the EPA study, and reveals that actual income is uniformly 
lower than estimated by EPA. Actual financial returns to 
investment and sales are presented*in table 3. These data 
may be compared with Table II-3 in the EPA report, and reveal 
that total investment is in fact much lower than estimated 
by EPA. As a consequence, act ual returns on investmen t 
liquid and large urban refi. neries are higher than had been 
estimated; for small rural and urban refineries, the EPA 
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U.S, Cane Sugar 
Cost Data by Model 


fineriesAverage Sales and 
Refinery Size,b/ 1972 


(In thousands of dollars) 


Item 

Liquid 

Crystalline 

1 Small rural 

1 

Large rural 

Urban 

Sales. 

30,864 

21,680 

72,284 

118,795 

Raw sugar costs.... 

23,871 

15,421 

53,659 

87,045 

Operating costs 





and expenses. 

6,553 

5,924 

17,757 

30,764 

Total costs., 

30,424 

21,345 

71,476 

117,809 

Net profit before 





taxes.,,. 

440 

335 

868 

986 

Net profit after 





taxes..'. 

229 

174 

451 

513 

After-tax cash 


J 



proceedsc/. 

563 

612 

1,576 

2,740 


lent^L^thp”?Q 79 ® of 13 refining companies, accounting for 90.7 per- 

l!nd U^s capacity of the total U.S. industry (main- 

lana U.S. plus Hawaii and Puerto Rico). ^ 

Model sizes as defined and characterized in Environmental 

Protection Agency, Office of Planning and Evaluation, Economic 

Guidelines - Cane Su<,ar 

c7 Net profit after taxes plus depreciation and interest. 


Source: 


Compiled by Robert R, Nathan Associates, Inc. from infor¬ 
mation supplied by United States Cane Sugar Refiners' 

firms, except net profit after taxes,' 

^ percent tax. rate, and the depreciation 
^ components in after-tax cash proceeds figures, 
which came from EPA Economic Analysi s. o£. cit., table 
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a/ 

Table 2. U.S. Cane Sugar Refineries:— Average Sales and 
Cost Data by Model Refinery Size,£/ 1972 

data in dollars per 100 pounds of refined sugar produced) 




Crystalline 

Total 

Item 

Small rural! 

Large rural| 

Urban 



Gross sales, 


13.21 


11.60 


12.89 12.71 


12.72 


Raw sugar costs. 

10.22 

8.25 

9.57 

9.31 

9.36 

Operating costs 
and expenses: 

Total labor and 

fringes. 

Transportation 

AYn^nfiPS 

0.65 

0.85 

0.67 

0.11 

0.75 

0.32 

0.97 

0.50 

0.91 

0.47 

Processing (excise) 
tax. 

0.58 

0.51 

0.53 

0.53 

0.53 

State and local 
taxes 

0.04 

0.05 

0.03 

0.06 

0.06 ’ 

Other operating 

0.68 

1.83 

1.54 

1.23 

.1.27 

Total operating 
costs. 

2.80 

3.17 

3.17 

3.29 

3.24 

Total costs and 

A vnpnsAS 

13.02 

11.42 

12.74 

12.60 

12.60 

Net income before 
Federal income 

Jl V0 R-. ...... ....... 

0.19 

0.18 

0.15 

0.11 

0.12 

d/ 

Federal income taxes-r 

' 0.09 

0.09 

0.07 

0.05 

0.06 

Net income after 
taxes. 

0.10 

0.09 

0.08 

0.06 

0.06 


T ?—ii refineVies of 13 companies, accounting for 90.7 percent of the 
1972 capacity of the total U.S. industry (mainland plus Hawaii and 

b/^^ModS^sizes are defined and characterized in Environmental Pro¬ 
tection Agency, Office of Planning and Evaluation, Economic Analys_i£ 
of Proposed Effluent Guidelines - Cane Sugar Ref ining Industry^, 

October 1973, table 1-8. i, j__ 

c/ Includes bro)cerage fees, fuel, water and power 

costs, depreciation, interest charges, sales discounts and all other 

d/**^As8u^?at^48*percent of net incomes before Federal income taxes. 

Source: Compiled by Robert R. Nathan Associates, ^ 

mation supplied by U.S. Cane Sugar Refiners' Associatio^o^g 

member companies. 
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Table 3. U.S. Cane Sugar Refineries:-^ Selected Financial 
Ratios by Model Refinery Sizes,^ 1972 


Item 

Liquid 

Crystalline 

Small rural 

Large rural 

Urban 



Thousands 

of dollars 


Net profit be- 





fore tax. 

440 

335 

868 

9 86 

Net profit after 





tax. 

229 

174 

451 

513 

After tax cash 





proceedsc/. 

563 

612 

1,576 

2,740 

"Total-invest- 





ment"-'^. 

5,852 

5,349 

11,663 

25,829 

Sales. 

30,864 

21,680 

72,284 

118,795 



Percent ' 


ROI before tax.. 

7.5 

6.3 

7.4 

3. 8 

ROS before tax.. 

1.4 

1.5 

1.2 

0.8 

ROI after tax... 

3.9 

3.3 

3.9 

2.0 

ROS after tax... 

0.7 

0.8 

0.6 

0.4 

Cash flow-/. 

9.6 

11.4 

13.5 

10.6 


a7 22 refineries of 13 refining con^janies, accounting for 90.7 per¬ 
cent of the 1972 refining capacity of the total U.S. industry (main¬ 
land U.S. plus Hawaii and Puerto Rico). 

b/ Model sizes as defined and characterized in Environmental Pro- 
tection Agency, Office of Planning and Evaluation, Economic Analysis 
of Proposed Effluent Guidelines - Cane Sugar Refining Industry, 

October 1973, table 1-8. -- 

c/ Net profit after tax plus depreciation and interest, 
d/ Net worth per books. 

e/ After tax cash proceeds as a percent of "total investment." 


Source: Compiled by Robert R. Nathan Associates, Inc. from infor¬ 
mation supplied by United States Cane Sugar Refiners' 
Association member firms, except net profit after taxes, 
which assumed a 48 percent tax rate, and the depreciation 
and interest components in after-tax cash proceeds figures, 
which came from EPA Economic Analysis, op . cit., table 
ii-i. 2391 
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estiina'tes were close to the actual results. (To some extent« 
the high investment estimates by EPA no doubt result from 
the inclusion of debt in the investment calculation. Debt 
is a source of investment» not a part of investment.) 

Based on the actual investment and sales figures for 
1972, after-tax cash proceeds data have also been developed, 
euid are shown in tables 1 and 3. These data may be contrasted 
with the EPA information shown (in total dollars) on Table 
II-l and (as a percent of investment) on Table II-3. 

Cost of Capital 

The cost of capital is a useful measurement against 
which to compare present returns to invested funds. It also 
provides a guide to rates at which future anticipated income 
streams should be discounted. In the present instance, the . 
cost of capital is higher than that developed in the EPA 
economic analysis, which draws data from four of the refining 
companies and uses an arbitrary 4 percent growth factor —— 
"...which is roughly equal to inflation expectations..."-' 
in one of the two methods. 

Conservatively, the after-tax cost of capital may 
be regarded as the after-t6oc cost of debt capital if currently 
incurred (as distinct from the present cost of imbedded debt) 
and the after-tax rate of return on common equity, these 
two components weighted by the contribution they each make 
to total capital. (Preferred equity may be added to debt 
for the purposes of these calculations, as returns to preferred 
equity are normally regarded as a debt.) 

17 EPA. Economic Analysis , op . cit ., p. IV-9. 
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Rates of return on equity capital were taken from 
n 

n the food and kindred products industry. These industry- 

- de returns averaqed lO.S percent over the past 10 yee^ 

and this was taken as a representative figure. Relevant 

a as o the relation of equity capital to total capital 

structure were compiled for six publiclv-heiH 

are • PUDiicly-held companies which 

a engaged x„ cane sugar refining.^ common equity for 
these companies represents 70.6 percent of their total capital 
Btructure. The cost of debt capital was estimated at 85 
percent before taxes. This was based on our appraisal of 
~rporate bond yields: 1972 Baa yields averaged 8.16 percent 

Tn Z, ““ Thus, 

over 8 «Pltal is something, 

over 8 3/4 percent; 


Equity 
Base.. 


Return 
(Pet.) 


Weight 


^0*6 70.6 

8.5 X .52 29.4 


Total 

(Pet.) 

7.4836 

1.2995 

8.7831 


AS will be shown below, this higher cost of capital 
affects the cash flow situation in the base case as well 
as under the assumptions of pollution control 


Effects of Plant Clns.„-o 


oron. ^ 1 ? ®®°"°"^' “"Bequences of closing a refinery figure 
prominently in the EPA economic analysis, and properly so. 


Savannah, South^Coa«’^(jim wfltfr? ^s®r’ International, 

2 / see rederal Reservi^^^r^ct^^girL^^r^r^ri;?' ^ 3^3 
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as they provide the basis ^ 

value of the future income stre"”**"*^^"^ <5i8counted present 

“ were kept oper.U„“ "“thr"'" T 

»re the selvage values which would acc ingredients 

“ •'o Closed the plant and disposed of l' 

e substantial tax benefit say result as weir^r’ ^■'"“c"- 
proceeds represent a loss as ^ *’'® ®*1® 

treat»nt of these eles^nt. in ttTBPAird'’'"’' 

the value of plant closure, because it '"0«states 

Of the land and it neglects t i, “"^^erstates the value 

neglects to take account of the tax benefits. 

in a very conservative appraisal > 1 / "“rket value ' . • 

(or salvage values) are far hi s’ values 

refineries. Book values generlllJ T” ''*^“** “'’®" 

prices. Since «x>st of the refineri “"sCJusted purchase 

-y years ago. urban land value:mi: 

values. below current 

-“"^ssioned hcbert“!“:t:rL":o:::n:%::'“r’ 

the member refineries to determine. ' ^ ° survey 

on recent nearby sales and/or recenr*’*"‘ 

-terial is su»„arired in tableT 

current market value of the land I represent the 

Bites. Model refinery sires are on'::" refinery 

in the earlier tables. basxs as shown 


1/ EPAIc^onomic Analyai. 2 e. cit. , p. 


II-6. 
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Table 4. U.S. Ceme Sugar Refineries: Current 
Market Land Values 


Model refinery 
size 

Average 

value 

Per acre 

Per refinery 

Liquid. 

$ 3,603 

$ 287,741 

Small rural. 

1,766 

282,500 

Large rural. 

1,740 

624,431 

Urban. 

82,300 

2,705,423 


Other salvage values used in the EPA report (Table 


I1-4) are retained here, as more accurate data are not avail¬ 
able. The results of using the revised land values are shovn 
in table 5. 


Table 5. U.S. Cane Sugar Refineries: Salvage 
Values by Model Refinery Size, 1972 

(In millions of dollars) 


Item 

I.i mii H - 

Crystalline 


Small rural 

Large rural 

Urban 

Working 





capital. 

2.50 

3.50 

8.00 

12.00 

Depreciable 





assets. 

0.35 

0.55 

1.00 

1.50 

Land. 

0.29 

0.28 

0.62 

2.71 

Total salvage.. 

3.14 

4.33 

•> 

9.62 

16.21 


Source: Working capital and depreciable assets: EPA Economic 
Analysis , • op . cit . , Table II—4. Ljund: table 4 above. 
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Table 6. U.S. Cane Sugar Refineries: Tax Effects of Plant 
Closure by Model Refinery Size 

(In millions of dollars) 


Annual pretax oper¬ 
ating profit. 


Federal taxes on 
operating profit 
(48 percent). 


Tax benefit 

Current year credit.. 

Carry back credit: 

Year 1. 

Year 2.. 

Year 3. 

Total. 

Present value of . 
total carryback 
credits/. 

Total tax e ffect^... 


aT Discounted 1 year at 8 3/4 percent. 

o/ Current year's credit plus piresent value of total carry-back 
credit. 


Item 

Liquid 

Crystalline 

Small rural 

Large rural 

Urban 

Book value of assets 





Depreciable assets... 

3.50 

5.50 

10.00 

15.00 

Land. 

0.50 

0.50 

0.80 

1.50 

Total. 

4.00 

6.00 

10.80 

16.50 

Salvage value of 

1 




assets 





Depreciable assets... 

0.35 

0.55 

1.00 

1.50 

Land... 

0.29 

0.28 

0.62 

2.71 

Total.. 

0.64 

0.83 

1.62 

4.21 

Total loss. 

3.36 

5.17 

9.18 

12.29 


440 


.335 

.868 

.986 

211 


.161 

.417 

.473 

211 


.161 

.417 

.473 

211 


.161 

.417 

.473 

211 


.161 

.417 

.473 

211 

•> 

.161 

.417 

.473 

633 


.483 

1.251 

1.419 

.582 


.444 

1.150 

1.305 

,793 


.605 

1.567 

1.778 




Source: Book value of assets: EPA Economic Analysis ^ op. cit: ; 

table II-4. Salvage value o£ assets: taole 5. Pretax 
profit: table 1. 
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Another element is the tax effect from the loss of 
closing a refinery. This effect is relevant since it represents 
the equivalent of a cash payment to the firm. The benefit 
arises from selling for scrap the depreciable assets of the 
refinery, at a price below the present book value of those 
assets. The tax credit can be used to offset taxes which 
would have been paid on operating income in the subject year. 

If the credit exceeds that amount, it may be carried back 
for 3 years and forward for 4 years. For the purposes of 
this analysis, however, a carry-forward will not be considered, 
as a single-refinery operation would not be able to use such 
a provision. Table 6 shows the total present value of this 
tax benefit for the various model refineries. It discounts 
the payment for the 3 carry-back years by 1 year, on the . 
assumption that the actual tax refund will be received 1 . . 

year following the transaction. 

In the aggr<<»gate, the effects of plant closure for 
the four model refinery sizes are shown in table 7. 

Table 7. U.S. Cane Sugar Refineries; Cash 
Proceeds from Plant Closure, by Model 
Refinery Size 

(In millions of dollars) 


Item 

Liquid 

Crystalline 

--- 

1 Small rural 

1 ■» 

Large rural I 

Urban 

Salvage value... 
Tax benefits,,,. 

3,14 

0,79 

4,33 

0,61 

-1 

9,62 

1,57 

16,21 

1,78 

Total proceeds,, 

3,93 

4,94 

11,19 

17,99 
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Cash Flow 


Th. basa c... caah flow situation for the four nodal 
refinery sizes is shown in table 8. That table compares 
the present salvage value of the refineriec with the sum 
of the present values of (a) operating the plants for 20 

proceeds 

in the 21st year. It employs the 20-y.ar time horizon used 
in the EPA analysis, and similarly deducts interest changes 
from the after-tex cash proceeds to arrive as net cash flow. 

^ the EPA study points out, the equation of annual depreciation 

to^r^r”"*"’' Pl"* maintenance -...corresponds 

p ra ng policies of some managements and serves as a 

good decision rule for replacement in an on-going business.-1/ 

As table 8 illustrates, the urban refinery category yields ’ 

■a «g*tive cash flows under these circumstances, using the 

8 3/4 percent cost of capital. Actual rates of return vary 

on y slightly among the categories, with urban refineries 

yielding the lowest rate (7.3 percent) and liquid refineries 
the highest (10e6 percent)e 


17 ibide, p. IV-7. 
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Table 


8. U.S. Cane Sugar Refineries; Base Case Cash Plow 
and Rate of Return, by Model Refinery Size 

(In millions of dollars) 
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IV. IMPACT OF EPA GUIDELINES 


The effects of installing pollution control devices 
cannot be assessed by the stemdard benefit/cost techniques 
of economic analysis. ■ Simply put, there are no benefits. 

That is, there are no positive income streams which will flow 
to the industry because >>f such pollution control equipnent, 
income strezuns against which the costs of such equipment might 
be compared. Instead, there are only costs, the effect of 
which is to reduce the profit level which the industry 
experienced prior to the installation of the equipment. 

The costs of installing and operating the required 

• • 

pollution control equipment will greatly exceed the cost 
estimates made by EPA. These differences are examined in 
detail in the USCSRA Technical Task Force report, ^md will 
not be elaborated upon here. For the various model refinery 
sizes, incremental capital costs and operating costs are 
summarized in the following tables 9 and 10. In the aggregate, 
the capital costs which will be incurred in installing the 
equipment are shown in table 11. It will be noted from that 
table that the investment required to achieve the 1977 control 
limitations (BPT) is $14,978,000 nearly three times as high 
as the original EPA estimate of $5,557,000. To reach the 
BAT limitations, a total investment of $37,621,000 will be 
necessary, compared with the EPA estimate of $16,677,000. 

Operating costs are also much higher than estimated i 

by EPA. Operating costs for the industry are shown in table I 

12. Annual operating charges for BPT are over $2.4 million, i 

compared with the EPA estimates of $1.8 million; for the { 

BAT level, annual costs will be $4.7 million, while the EPA ! 

estimated an annual charge of $3.4 million. j 
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Table 9. u.S. 
Investment 


Cane- Sugar Refineries 
Costs for Different 
Technologies 


s Incremental 
Levels of 


(In dollars) 



Source: 


USCSRA Technical Task Force report 
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Table 10. U.S. Canfe Sugar Refineries: Incremental 
Operating Costs for Different Levels of 
Technologies 

(In dollars) 


Alternative 


E-1. 

E-2. 


G-1. 


Liquid 


Refinery classification 


Small 

crystalline 1 crystalline 


0 

15,000 

0 

16,000 


0 

33,300 

16,000 

53,000 

11,000 

49,000 

Not 

practicable 

79,000 

16,500 

44,300 


63,800 

135,000 

126,800 


201,000 

31,700 

31,000 

59,500 

66,000 

Not 

140,300 

practicable 

155,000 

149 ,000 

Not 

practicable 

63,000 

58,000 

141,000 

129,000 

Not practicable 
Not practicable 

112.500 

139.500 

62,500 

42,100 

* 72,300 

141,800 

Not 

109,300 

184,400 

practicable 


ects era's base A 

Source: USCSRA Technical Task Force report. 
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ficIu^S/ 

Refinery 

identification 

coda 

Capacity 

Traatawnt altemativea 

Total 
to BPT 

—' q 

Treatnent 

alterna¬ 

tive 

Tot el 
to BAT 

B-2 

1 

0 

1. 

L-1 

-tona/day- 

300 



'thouaanda 

of dollai 




L-2 

L-3 

L-4 

•00 
• 50 

390 

• 

180.0 

180.0 

- 

180.0 

180.0 

341.0 

341.0 

521.0 

521.0 


L-5 

100 

- 

180.0 

530.0 

710.0 

47.o£/ 

757.0 


Total 

2,440 

• 

540.0 

530.0 

1,070.0 

729.0 

1,799.0 


C-« 

C-12 

190 

350 

- 

483.0 

490.0 

973.0 

644.0 

1,617.0 


CP-1 

460 





• 

• 


CP-3 

CP-5 

CP-6 

CP-7 

CP-I 

660 

220 

600 

400 

700 

- 

483.0 

483.0 

483.0 

483.0 

483.0 

490.0 

490.0 

490.0 

490.0 

483.0 

973.0 

973.0 

973.0 

973.0 

282 . oV 

282.o|/ 
282.0^ 
282.o3/ 

483.0 

1,255.0 

1,255.0 

1,255.0 

1,255.0 


Total 

3,580 

• 

2,898.0 

2,450.0 

5,348.0 

1,772.0 

7,120.0 


C-11 

C-13 

CP-2 

CP-4 

1,500 

1,700 

700 

700 

- 

483.0 

483.0 

1,030.0 

1,030.0 

490.0 

1,030.0 

1,030.0 

483.0 

973.0 

1,520.0 

1,520.0 

382.oS/ 

2,550.0 

2,550.0 

483.0 

1,355.0 


Total 

4,600 

• 

966.0 

2,550.0 

3,516.0 

3,422.0 

6,938.0 


C-1 

C-2 

2p600 

IQQ 

- 

- 

- 

• 

1,520.0 

1,520.0 


C-3 

C-4 

3p250 

2 plOO 

200.0 

- 

1,030.0 

1,230.0 

1,520.0 

1,520.0 

1,520.0 

2,750.0 


C-5 

1 ’000 




• 

1,520.0 

1,520.0 


C-7 

C-8 

3pS00 

1 

- 

696.0 

1,030.0 

1,726.0 

1,520.0 

1,520.0 

1,520.0 

3,246.0 


C-9 

C-10 

C-14 

2^006 

1.200 

2.200 

- 

696.0 

696.0 

- 

696.0 

696.0 

1,520.0 

1,520.0 

1,520.0 

1,520.0 

2,216.0 

2,216.0 


CL-l 

CL-2 

1,400 

•20 

- 

696.0 

- 

696.0 

1,520.0 

1,520.0 

1,520.0 

2,216.0 


Total 

24,070 200.0 

2,784.0 

2,060.0 

5,044.0 

16,720.0 21,764.0 


Grand total 

34,690 200.0 

7,188.0 

7,590.0 14,978.0 

22,643.0 37,631.0 


f/ iu ••y.-m... 4 

1/ r«qul»**nt only, u Mrtain required feollltiee elxeedy eelet. 


urban cryatelline. 


Souroeai 


^'*•"‘^*^*•‘^0" ««»<*• eepeeltyi CPA econoado anelyeia, 
CaplEaT ooatai useSRA Teehnieal Taak Poroe. 
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T«bl« 12. U.8. Can# Sugar Raflnarlaa CUaalficatlon, Capacity and BatiMtad 

Annual Operating Coats of Iffluant TraatMnt Altarnativas to 
Achlava BPA-RaoooHandod Lialtations by Baat Praetleabla 
Technology (BPT) and Beat Available Technology (BAT) 




Refinery 

identification 

code 


Capacity 


TraatMnt 

alternatives 

B-2 

C 

D 


Total 
to BPT 


TraatMnt 
alterna¬ 
tive eB/ 


Total 
to BAT 


tone/day- —————thousands of dollars- 


L-1 

300 

- 

- 

- 

L-2 

•00 

- 

16.5 

— 

L-1 

•50 

- 

16.5 

— 

L-4 

390 

• 

- 

— 

L-5 

100 

- 

16.5 

135.0 

Total 

2,440 

• 

49.5 

115.0 

C-4 

190 


44.3 

126.• 

C-12 

350 

- 

- 

— 

cr -1 

460 

• 

- 

— 

cr -1 

660 

• 

44.1 

— 

cr-5 

220 

M 

44.1 

126.0 

CP-6 

600 

- 

44.3 

126.0 

Cf-7 

400 

- 

44.3 

126.0 

cr-f 

700 

- 

44.1 

126.0 

Total 

3,500 

• 

265.0 

634.0 

C-11 

1,500 



201.0 

C-13 

1,700 

e. 

- 

201.0 

CP-2 

700 

• 

44.3 

— 

CP-4 

700 

- 

44.3 

126.0 

Total 

4,600 

• 


520.0 

C-1 

2,600 



- 

C-2 

2,100 

- 

• 

— 

C-3 

3,250 

79.0 

• 

201.0 

C-4 

2,100 

- 

• 

• 


C-5 

C-7 

c-s 

C-9 
C-10 
C-14 
CL-1 
CL-2 

Total 

Grand total 


A f WVV 

3.500 

1.500 
2,000 
1,200 
2,200 
l,t00 

•20 

24,070 
34,(90 


• 3.1 


61. 

63. 


79.0 

79.0 


63. 

255. 

659*. 


201.0 


402.0 
1 1,699.9 


16.5 

16.5 

151.5 

1B4.5 


171.1 


44.3 

171.1 

171.1 

171.1 

171.1 

•99.• 


201.0 

201.0 

44.3 

171.1 

617.4 


210.0 


264.0 

63.• 
63.0 


63.1 

716.2 

2,437.9 


31.7 

31.7 

31.7 

95.1 


59.5 


40.2 

40.2 

103.2 

279.6 


230.6 


66.0^ 237.1 
66.o£^ 237.1 
66.o£^ 237.1 
66.OS' 237.1 

123.5 1,223.1 


140.1 

140.3 

59.5 

140.1 


140.3 

140.1 

140.3 

140.3 

140.3 

140.3 

140.1 

140.3 

140.1 

140.1 

140.1 

1,541.1 

2 , 102.0 


141.3 

141.3 

44.1 

210.6 

957.5 


140.1 

140.1 

420.3 

140.3 
140.3 

405.1 

140.1 

204.1 
204.1 

140.3 

204.1 

2,279.5 

4,719.9 


a/ 1 ■ HquHT Tl - smU rural crystallinei 1 - large rural cryatallinei 4 - urban crystalline. 
1/ All B-l, except as noted. 

£/ B-2. 

Souroesi Refinery classification. Identification oode and oapaoityi fPA eoonoiac analysla, 
oD. clt., table V-4. 

Xnnuar~operatlng costsi OSCSRA Teohnloal Task Poroe. 
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In order to assess the consequences of these capital 
and operating costs on the industry, it is necessary to examine 
their impact on the various combinations of treatment alter¬ 
natives which will be required. These combinations may be 
Identified from tables 11 and 12. They reflect the need of 
certain refineries in each of the four refinery classifications 
(liquid, small rural, large rural and urban) to install 
various kinds of pollution control devices to meet the guide¬ 
lines. In all, there are 12 different treatment combinations 
which are relevant. These are listed on tables 13 and 14. 

Table 13 presents the sugar price increase which is necessary' in 
order to cover the capital and operating costs of the pollution 
control equipment and still maintain the profit levels which 
existed in 1972. Table 14 presents the effect of the control 
costs (capital and operating) on the cash flow of the various • • 
refinery models, and provides data on the internal rates of 
return which result from installing and operating the control 
devices. These two tables may be compared with Tables VI-1 
and VI-2, respectively, in the EPA Economic Analysis ; they 
employ the same methodology as was used in that study. 

It is also interesting also to relate the required 
investments and operating charges to the base of existing 
"total investment" (i.e., net worth per books) and the annual 
(1972) dollar sales for the several categories of refineries. 

To attain the BPT level of control, affected plants will be 
required to make capital investments varying from 2.7 percent 
of their total investment" (urban refineries requiring treat¬ 
ment alternative C only) up to 18.1 percent (small rural 
refineries requiring alternatives C and D). Operating charges 
at the BPT level range from 0.0 5 percent of 1972 sales (for 
liquid plants requiring alternative C onlv) to a high of 0.79 
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Table 13. U.S. Cane Sugar Refineries: Percentage 
Price Increases Needed to Maintain Profitability 


Refinery classification and 



Total 

required treatment 

BPT 

BAT 

increase 
by 1983 

combinations 



Liquid: 




r . E-l.. 

0.22 

0.24 

0.46 

r . n. E-l.... 

1.42 

0.12 

1.54 

Small rural: 




r n. F.-l..... 

2.45 

0.64 

3.09 


0.85 

0 

0.85 

r n - E-2-..-... 

2.45 

0.46 

2.91 

Large rural: 




n E— 1. 

0.83 

0.46 

1.29 


0.26 

0 

0.26 

c n. E— 1 ................ 

0.73 

0.15 

0.88 

Urban : 




E-l only . 

0 

0.28 

0.28 

B-2, D, E-l. 

0.67 

0.28 

0.95 

C D E—1............... . 

0.73 

0.28 

1.01 

C, E-l. 

0.22 

0.28 

0.50 
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percent (again, for small rural refineries needing C and D). 

To achieve BAT levels, the impact is comroensurately greater: 
investment requirements range from 4.1 to 30.2 percent of 
net worth, and operating charges vary from 0.12 percent of 
sales to 1.57 percent. In all cases, these impacts are far 
greater than estimated by EPA, because the Agency underestimated 
the costs of control and overestimated the value of the plants' 
net worth. 


Effect on Prices 


Table 13 indicates the sugar price increases which 
will be needed to maintain the 1972 profit levels, for the 
affected refineries. These price increases will be seen to 
range up to around 2 1/2 percent at the BPT level (1977) and 
to over 3 percent by J.9 83. For BPT, refineries with nearly 
43 percent of the total industry capacity require no treatment 
devices whatever, and hence no price incre^lses. The refineries 
which will need the largest price increases to maintain 1972 
profit levels at BPT (small rural refineries requiring the 
installation of treatment alternatives C, D, E-1) represent 
over 6 percent of 1972 capacity (2,110 tons/day). 

Treatment facilities to move from BPT to BAT will be 
required by 22 refineries, representing 85.4 percent of the 
industry's capacity. That is, only 14.6 percent of the industry 
can escape the installation of required devices. Regarding 
the total 1983 requirement, refineries which account for 
fully 87 percent of the industry's capacity will be forced 
to make investments, thus necessitating some price increase if 
pre-investment profit levels are to be maintained. The 
requisite price increases range up to about 3.1 percent. 
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In order to assess the real significance of the required 
sugar price increases, it is necessary to place them in the 
context of the refiner's own situation. Sugar refining is a 
processing industry in which the value of the raw product 
represents a high proportion of the valvie of the finished 
product. As tab’le 2 illustrates, the cost of raw sugar vo the 
refiner in 1972, plus the excise tax on raw sugar, represented 
around 78 percent of his gross sales proceeds. Because of this 
large "pass-through" element in the refined sugar price struc¬ 
ture, any increase in total price has great leverage in its 
effect on the refiner. A 3 percent price iucrease, based on 
the 1972 price, amounts to 38 cents per cwt of refined sugar. 
This represents over 13 percent of the refiner's gross margin 
(i.e., the price of refined sugar less the cost of raw sugar 
and less the excise tax). Even more strikingly, the 38 cents 
per cwt is over 6 times the after-tax profit of the entire 
industry. Clearly, increases of such magnitude cannot be 
accommodated without profound consequences to the refining 
.industry. 

Of even greater importance is the fact that these 
required increases are not uniformly spread over the entire 
industry, or even over the several refinery categories. As 
tables 11 and 12 illustrate, some refineries (11 in number 
representing 42.7 of the industry capacity) require no addi¬ 
tional facilities to reach the BPT level of control. The 
four small rural refineries which require C and D alternatives, 
however, will be required to raise *their prices by nearly 2 1/2 
percent to maintain oven their low 1972 profit level. This 
represents around 10 percent of their gross refiners' margin. 
There is simply no way by which such a price increase can be 
applied selectively in an industry with a fungible product 
such as sugar. Not only are there competitive forces at play 
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as between c<uie sugar refiners and the beet sugar and corn 
sweetener industry, but among cane refiners competition is 
so keen and margins are so tight that even a 0.7 percent price 
-- • increase (8 cents per cwt, an amount equal to the 1972 average 

profit of omail rural refiners) cannut possibly be passed on 
to the public. Neither, of course, can it be absorbed by the 
refiners, as it completely wipes out their profit. 

The same situation is true as one moves from the BPT 
to the BAT level of control: some refineries require more treat*- 
roent facilities than others, yet the competitive market pre¬ 
vents a pass-through of the cost burden, and the very narrow 
profit margins prevent the costs from being absorbed. 

Effect on Cash Flow 

The impact of these pollution control costs on the 
various model refinery cash flow situations is shown on table 
• That table follows the basic EPA methodology. It uses 
the higher cost-of-capital rate of 8.75 percent, as described 
above. It assumes, as does the EPA study, that the life 
of the basic facilities and the BPT treatment alternatives 
are twenty years and that salvage value of the incremental 
investment in the twenty-first year is zero. For the E- 
1 and E-2 treatment alternatives (which are required to move 
the refineries from the BPT level of control to BAT) it has 
been assumed that the financial outlays are made in the 6th 
year, and that operating expenses arc incurred for the 7th 
through 20th years, at which time the salvage value is zero. 

A comparison of table 14 with Table VI-2 in the EPA 
Economic Analysis illustrates the cumulative errors in the 
EPA studies; that is, the errors in capital and operating 
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cost estimates conpoiinded by the errors iwde with respect 
to the financial considerations which are at play in the 
industry. As table 14 reveals, achievin, the BAT level of 
control produces large negative cash flows, using an 8 3/4 
percent cost of capital, m absolute terms, the most extreme 
oases are those of the urban refineries which must install 
alternatives C, D, and E-1, where negative cash flows of over 
S mllion are projected when BAT is achieved. l„ relation 
to tte base case situation, however, it is the small rural 
refineries which require alternatives C, D, and E, and the 
large rural refineries which need alternatives D and E-1 
which are most adversely affected. These two categories go 
rom a positive cash flow to a large negative flow. In the 
aggregate, to go from the 1972 situation to the achievement 
o e BPT level of pollution control requires 36.7 percent 
of the industry to experience negative discounted flows of 
^ er ?2.5 million , to go on from BIT to BAT means that fully 
72.3 percent of the industry's refining capacity will have 
to incur additional negative cash flows of over 61.5 million, 
ahen together, meeting the EPA proposed guidelines means that 

He industry's capacity 

are shifted from a positive to a negative cash flow situation 


Table 14 also reveals the rates of return which are 
generated by the several categories of refineries in moving 
rom the base case to the attainment of BPT and BAT control 
levels. At the BAT level the lowest rates are produced 
by the small rural refineries requiring alternatives C, D, 
end E-1 (2.6 percent), the small refineries needing c, D, E-2 
(2.9 percent) and Uie urban refineries requiring C, D, and 
E-1 (3.1 percent). Those same categories are also lowest at 
the BPT level, where they return only 4.0 percent. The sig¬ 
nificance Of these rate-of-return data lies in their divergence 
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from the cost of capital (8 3/4 percent). The rates denote 
the interest rate at which a prudent refinery operator is 
indifferent as to liquidation of the plant or continued opera¬ 
tion. When the rate of return is 3 or 4 percent and the 
refiner's cost of capital is 8 or 9 percent, the prospect of 
continuing to operate tha plant is W>st unattractive. 

Broadly speeJcing, tables 13 amd 14 illustrate the fact 
that the impact of achieving the guidelines is severe. Prices 
must be increased by virtually all refinery categories. With 
the present cost of capital at 8 3/4 percent, refineries which 
account for around 96 percent of the industry's productive 
capacity yield negative cash flows. Refineries representing 
35 percent of the industry's capacity generate rates of 
return of less than 5 percent. It is impossible to say how 
many plants will be forced out of business, but certainly 
the consequences of attaining the guidelines will be -far 
more serious them were envisioned by EPA. 
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Tiie J)cpnri.rn.;u!; of Co'^^'■.•.orco lias c.T.‘.Cuclfo«.5"'a‘^rpvio •■ of tl'P c-rrUu'nt 
linn’t.utioiiy i;:vi(U'lines .nncl stanoards for the eniv: r.uf-.r.r irdii';! r^- 
pub] i shed the redeivil Kogister ou Ueccfubcr 7, i:)/3, under fec- 
tioiis 30't(1<) and 30d oj tl-.e l-’«cicr.'‘] b’atcr rollut J er. Cont rol AcL. 

W«‘ lifivo ccrLiiin dlf 11 rultic-s fho proposntl pr.-fdeiinos ai.d D.velop- 

nienL Llocai.ient : (]) tiiC tj.iidulin. s arc not. den:;. in l..•v^: v f .i r. .V'.;* 

of. niimhcTs; (2) clcsi(ri-.atiou of activated ;;jiK';;c i t t-.L p.-.itulcr.b" ; 
techaoloRV is not justified; (H) the J983 llniitat. i.n« cr.v. nc .* source 
porformr.ncc standards arc not cost*-etfecti.ve or c.v r 5 »y-c rfccri w; rad 
('.) the rationoTc ho'tind tlie erilucnt liraitatioas is qu^^tioiablc. 

The proponed ijnideliiies and supportive .analy.^ls siiould be modified and 
iBiprovetl to resolve I;hc difficulties raised in this letter and to tahe 
into account the changes proposed herein. 

nanf ' O of h'uf.-ihors 

Tlio proposed suidelinos lack the necessary flex'hillty to account for 
the lnr;je differences in individual plants, the ;..ost li.portant hoi,..;, 
proe.csrt variation, lor ertanple., lue Uk'N'clopneuC Docurient on pept- .’jy 
points f.ut that water rotjuivcments per unit of ;>ioduci varies h*/ a 
factor of three within the .stirae suhcatc'jory. l.'o, therefore, rofut. ;;t 

that the "uidcllncs he defined in terns of n range of mt.r.bers .so th.-xt 
indlvldu.;! plant di ff.-'rcnccs can be equitably ar.roininodatcd. 

vLi; ±.'1 L::.: il f iJ) ''tL V 1 ? .^0 

(JjMio designation of activated sludp.a aa Let t pi v.'ticabJe (eci.ncIa id 
for new source pcrCon.iancc st.'iml.ards is not iiiuttficd. Tiic 1.., i.wi.t 
Document offers no evidence or demon ml rati on of tlte pr.scticabili: v of 
this treatment. Hic Development IXicument nttewpes to justify atilvatid 
sludge as currently available technology bec.'u>.>e caiic sup.ar uasi'.':: are 
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* !• .iucli v;.i;;i cs un* .•.luxt-:;;lully tnatiil iti 
!'»;l lloW(.'Vcr, v;iiiJr I lu* vaal'o;: nra 

;'ii C).'i Itori.'I arc l.itkin.", rr l lil.'i l l.o pcmil 

proper (ifTilf.ij of k Ck.-alMfiiL wLLli iiny ci* ccrlainty Ccir 

.0 Uca'-iwiit of fi-!' 


JaM ;■ aacl 

v/illi iiiMitii 
^r.r.lal* Ic, C’.lic <J' 


jauLcrr a*. I Ik* bioil<.'.'-.;;'<Ukl)tri !;•/ (ll-jati;) ai d tlio rof|iilr<*il aiiux'iiL 

of. nutri>at: adJltJou uru unktioi/n. Hydraulic aiiu organic londint, liavc 
not been csL.nblislietl.' 


We recoiiiiiiciid that I Ik' t-cchnolof.y rctjulrcd for U*/7 and new nources be 
baaed upon flit best .current nrr.ctires. e.f,., cntralnnieiif cont rol Tor 
barometric concciiA^^i; va-ter, rotal Impoundment of filter Ccil.o slurry and 
other low volume Westf- Ktrea'na, and ponding or pritr.nr>- cettlinp, for 
other waste 5ti*ermn with volume;: too larpc for < oreplete vetention. Tliun 
the cane suj.ar industiy would have tecl'.nolo^ty r«-quiremonl s similar to 
the beet rujjar industry. 




nst E ffi .;M veriess of l^ cst Aval lablo fechnolo'.’.y 


and Win: Siuirrc 


rorformanci- Standard' 


In order to meet the l‘?8?. limitations and now ccurco siaiul.mls, an 
additional 2.';/. reduction of ron and ?.'/ rcductlcr. of insp. nded .:.i1irh; 
over the 197/ llmltat.:fins is required. Tiiis \ J11 ncccsr.ltato lncrk'?.''fd 
expenditure:: of 32-33/ for a 600 T/D crystalline refinery and /f3-59/i 
for a 2100 'i'/D cn-staiUne refinery. To obtain an additional 5% reduc¬ 
tion of r.0T) and /ib% leduetion of suspended soUc'e over the 1977 limita¬ 
tions will wqulre increased expcmllLures for for a b60 T/l) IJeuid 

refinery. In vlcv; ol tins small reduction of I’-OH .-aid su;k, waded ioUds to 
be achieved and the liiph cost of such reduction, it has not been demon¬ 
strated that the tcciinological performanre and crcno:nlc viability ere 
sufficient to justify the making of investments in new production 
facilities. It should hi* noted that the "eni ri'P'-ef focti vc;icss" (■'.e., 
the energy penalty for iMducLion of DOij and Muponded solids) is also 
proportion.-.lly low. It is, therefore, recomi.unii'cd that i.:urc co; t- 
cffectivc limitations bo developed lor 1983 and mw sources. 

Rationale behind the Kf f luent T.imi tat ions 

The effluent limitations were established by determining the de;;i-ee of 
reduction at l.ainuble by prevention oi sugar eutmintrient in hj ivm-iric 
condenser wat er, and by an csiimule. of Mio atli'.' ;abli' pnl Iut c il .•• •.•••n- 
trationr in tbe cfflufnt from an .utivatid sI.h^v sy-jt..;. ii .. . ik.i 
ccntraLlcaia are prcsckiLid oi> tiap.e /9 of clu! U<-v'i'lupuii-ni iiocu!'" •; t . m «'ur 
view, the nimiltern cstii.irted Iiy lil’A are unsuj<!>(>rtable !>. c.'iur'i, i;o."t of iIk- 
nvHilublc literature indicates serious opcvatiunal problem:; with bii.li>,.;i.tl 
treatment of sugar w.istcs. 
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, acr-<r;i:!i.'*. Cn i itjtr;«;vy >.-»»• r.-c-r., I (lo r.-r • to ho 

-■ arc r»o.y. 13 to 30 i-ci-c-.-nt Ic..', vhicli ff-lior |.\.*. - tloulu 
iC cvi‘(lil)J I Lt.y o[ lIiu 'iroiio.w.o lii.ii L.U'ioa.;. 

watild Ik! tr. rl;;!cus.” our f.l.jccLjons v/iili you or your ai.iii . 

:lca‘C* fc;el ficJi to contact rac any tine on thj.! natter. 



^•* 04 »c(jI) a, Mur<^l;ind 
''Dcj-uty Asslr.Lnnt Genera] 
Counse] for Ic-j.aiation 
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Memo of Comment 


Report of Economic Impact of Costs of 
Proposed Effluent Limitations Guidelines 


CANE SUGAR INDUSTRY 


(Prepublication Reviev/) 


We do not oppose publication of the effluent guidelines 
for the CANE SUGAR INDUSTRY. 


We do object to the sleight-of-hand by which EPA minimizes 
economic impacts. In the case of cane sugar# such 
practices are glaringly evident. For exar.ole, the proposed 
effluent limitations guidelines, v;hich served as a basis 
for the cost and impact analysis in the October report of 
the contractor (Development Planning and I'esearcn 
Associates), was significantly more stringent than the 
'Affluent limitations guidelines used as a basis for analysis 
in the September draft report of the contractor. Despite 
the more stringent limitations in the October report, 
pollution abatement costs appear to have cone down and the 
plant closure impact is reduced slightly. We v/onder how, 
other things being equal, tighter standards result in a 
lesser impact. 

Furthermore, in the October report there vere deletions 
of significant passages that were contained in the Septem¬ 
ber draft report. There appears to be no factual change 
to warrant the deletions. The passages that were deleted 
contained )cey contractor's caveats about •the analysis, 
which EPA apparently wishes to minimize. For example, the 
September draft stated that: 


From the material furnished for inve:tments 
by EPA, it war, not possible to get a breakdown 
of the total inve.stment costs . For ixample, 
it was not clear how much of this co;-1 was land 
and hov; much the land cost v;as valucc; as far as 
the per acre cost. (p. V-8) (underlining added) 
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Memo of Co;nment: Cane Su^ar Industry (page two) 


Another reference to cost information contained in the 
September report v;as deleted in the October report. That 
passage read: 


As previously commented, the cost figures v/hich 
were furnished by EPA do not shov/ the breakdown 
of what constitutes the annual operating and 
maintenance cost . . . (p. V-14) 


That a breakdown was, in fact, not made is shov/n in the 
October report, which states: 


. . . the figures on investment for each level 
of technology v;ere used in total as received 
. . , (p. V-8) (underlining added) 


We deprecate the arbitrary deletion of such passages that 
show deficiencies in the economic analysis. 
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, C-no^Sui^ur Inductry 


r;v-i<’-.:liuc:3 lack t' 

- i'ov tho Ir.x’na dlf Corcn 
• oirLr-it; hciv.^, procccr. v. 

.;w D:ctj;Kr.»iu on pcip.e 39 pc Into cv 
v.n;.t of pvodj^t v '.j.-ioo I 
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xhw'. Dev'.Xop *c;)t Doou’^ent ofeo vo no c.v 
ion of t>, i pr.'icticcibiX’.ty of l-'/Lo tro.cL 
'••.•-nt :-Joe?:.-c-.it Attenpto to justify re;: 
. oly ov.-.-iXebic technouoc.-'vnc erne 
ivedablc end bco:.unc ouch r.v'.rTtvi.j eiro z'\ 
c-. '.V.i cc''.i3J.V-, !tion V'ltti Mnnicipoi vicctc!" 

\r._f;uoc ■'■■'.'o tJr.ode.jitee.c’nblo, out the; e 
•c!::*.;v 3 et whxc tire to pcv..^it zho 
•..■■iit;; t-.-lth ni:y clo 3 rco of fo:: 

' t th cone mv'-.-.r T/ootcr. '-v-i • - ' 


blich 


pcu*. 


too Xe:;;;c for ^o-.-Acct: 
cry v.’oulsi hcvn tcchoolo 
sufiar industry. 
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reduction of BOD end 27. reduction ?..77. • 

the 1977 limitations) wlU rnm.5^ f ‘’“=P™‘’=‘1 solids (over 
o/ 32-337. for a OoS U orySr"/^'t?'‘«-3- -cpendltutes 

;^or a 2100 T/D cr>.,taillne’^r^l„““ 


(over ti.o 1977 ll^tattons)%,lir““•'. 

■ turos of 13-137. for a 5M • • ' 

bo noted that tho "cnorf-/-effnni-?„ toilnory,. it should / .. •••. 

-^iv- 

*jnu courccu:. 

V hO tlonaio nohtnd the Fff7.— ^ ' .■•■';•■ ■:;. I-;' ' / ,. ’v.. . 

;s "v- ^ 

•nent in barometric condone or of. ou^ar ’entrain- » . 

• tbo attainable pollutant concentric 91tl.,->atc-6f. • ^ ’. 

• an activated slud^o cystem effluent ^from ' 

.presented on pare 79 of tliA Dr»v/%i ^^^^^’^^^ationo are. - '-. • 

•vie:., the nurle^s est?Lid -In • - •:: 

.inost of the available litor‘T'nI-/C^^ nn-npportabla bccriuso • '" .• 
problems with . 

.pieces doubt on tho crcditillty of vhich further • .• *. * 

oioxiity of the proposed,liraitationc. .•' 
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RtCMAROf MAMIA*« 
Mitniuiififi 

telephonc no 

MMtIS 


STATE OF HAWAII 

OFFICE OF ENVIRONMENTAL OUALITY 
OFFICE OF THE GOVERNOR 

SMHM.EKAUWILAtT 

nOOMMI 

mONOUAU. HAWM tM13 

January 7, 1974 


Mr. Phillip B. Wiseman 
Information Center 
Environmental Protection Agency 
Washington, 0. C. 20460 



p»*r* 



Dear Mr. Wiseiaan: 


These comments are submitted on behalf of the State of 
with respect to the Effluent Limitations for the cane sugar industry, 
published as 40CFR, Part 409, In the December 7, 1973, Federal 
Register. 


The State's interest in these requirements is substantial, 
since the sugar industry is Hawaii's leading 
prise. Nearly 43,000 citizens are fully 

which in 1973 provided an estimated gross income of $208,000,000 
IT the State. Some 80 percent of Hawaii's sugar is refined by 
tl» C & H Sugar Company's refineries at Crockett, California and 
Aiea, Hawaii. The continued viability of the C 4 H 
operations is essential to Hawaii, a fact which cannot be over- 

empahsized. 


These comments, therefore, relate to the implications of 
the proposed effluent limitations on these two refineries. 

1, Biological Treatment for Removal of Bioc hemical Oxygen 
Demand 

A. Under the B.P.C.T.C.A., the proposj^ would limit 
the BOO to 0.76 lbs. per ton melt.'O^nder current 
operating conditions this would necessitate nearly 
90 percent removal of BOD. There is serious doubt 
as to the practicability of this requirement. 
Although the EPA has published reports on the 
treatment of beet sugar wastes, it is prooably 
correct to state that the practicability of 
biological treatment of cane sugar wastes alone 
has not yet been demonstrated. Assuming that 
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cane sugar refinery 
nutrient Inbalance, 
and low In nitrogen 
becomes a difficult 
ahleve a high level 
necessary to combine 


wastes contain a high 
1.e.( they are high in sugars 
and phosphorus, treatment 
problem. In order to 
of 600 reduction. It Is 
these wastes with nutrient- 


rich wastes, such as domestic sewage, or with 
^ome other form of nutrient supplementation. 
gJhe degree of treatmant that rjin achiev_ 
be fully predicted without cheracte rjzatlon 


lab-scaie or pilot-scale treatability studies of 
tiaiiMlSIiliilL ^aste straw .—it the B.P.C.TTc.a. 
limit Is raised to a monthly average of 1.0 lb. 

BOD per f nn there would still be need foF an 

approximate 80 percent BOD reduction in the 
process wateT. inis reduction Is generally con¬ 
sonant with achievable levels In biological 
treatment of domestic wastes and Is probably 
readily achieved with sugar refinery wastes, provid* 
Ing nutrient addition were practiced. The process 
water discharge would contain about 22 0 mg/r BOD. 

If a B.P.C.T.C.A. level of 1.0 lb. bud per ton 
melt were adopted. 


B. 



Under the B.A.T.E.A., the proposal would limit the 
BOD to 0.08 lbs. per ton melt. This limit, applied 
to the C & H flow, would necessitate better than 
99.5 perr^nt •ffdifficult 

level to achieve even with advanced waste treatment 
methods. The addition of the sand filtration 
process subsequent to activated sludge treatment, 
as suggested by EPA, may not be consistently 
capable of such a high degree of treatment since 
Its application Is generally considered for 
removal of suspended solids after biological treat¬ 
ment and It,may not be effective If the refinery 
wash BOO Is mostly In the s oluble and not p^rticii- 
l ate fo rm, and, again, operating results are not 
avallabTe from application of such treatment 
technology to cane sugar-refinery wastes. Raisin g 
the B.A.T.E.A. limit to 0. 16 lbs, per ton m^ 
wtl-t-nriaUird a 95 Percent overall BOD treatm^t 


e ff1'elen rvT~wl>1ch. although hi 
rTalIstically attainable than 


h. Is probably 
9.5 percent. 


more 


C. Compliance with effluent standards . Assuming that 
practicable and economically 'feasible limits to 
BOO are promulgated, the C & H refinery In Alea, 

Hawaii could comply by discharging Its process 
waste waters Into the municipal sewer. The date 
by which this could be accomplished is not yet 3031 
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known, because t*»e high priority Mamala 
treatment plant and collection system is still in 
preliminary planning stages. The actual design, 
construction and completion 

entirely dependent on the availability of Federal 
funds under Title II of PL 92-500. 

The cost to the C & H refinery in Aiea for using 
the municipal waste treatment system would be 
In the order of $30,000 c.pltel cost P’“| 
ennuel sewer use cherje (required by ft 92-500). 

, I Th ese costs are reasonable and shou ld pose no^ 

•n barrier to meeting the standards for 

I process waste water. 

The question of compliance for the Aiea 
^cooling water pose a different problem. The State— 
would oppose thft u s e of | . 'll? 

3^a n^ location on the following grounds. 

1. Economic feasibility 

2. Aesthetics - visual pollution 

3. Fog - mist generation potential 

4. Scarcity of cooling water. 

There is a developing problem of scarcity of 
potable water in the general ^<®® «'^®;* 

State of Ha waii would want , t o review thf alt.frna.t4ve 

of -rwrraimina the r ef ihery *s___ cim rfmer 
th~rounh i rrioaTion of golf -^u rse 

nii hlir nnrf>s* and hig hway landscaping ^ 

^hT^l ^lTati ^re a. 

iTc ^Tstent with Section z01Td)(l) of PL 92 500. 

This Office is not sufficiently familiar with the 
data, problems and alternative solutions to 
recommend practical compliance methods ^J® 

C & H refinery in Crockett. California. 
we are strongly persuaded of the need to develop 
hard data on technical feasibility. 
costs and social impact of 

site. Me are not confident that available informa 
tion is Sufficient to affirm that compliance 
with our proposed modified BOD levels is a reason¬ 
able expectation. 


3032 j 


A-242 





Page 4 

January 7, 1974 


2. Energy Consideratfonc 

SH:S 

iSooseP^""**"*^ brthU*0ff1«t lul tJSUllelir^* 

solids. «"<* handling process-generated biological 

Ptr ton mu! ®®‘’ »-*-T.E.A. b. ll.U.d to O.U !o. 

Thank you for this opportunity to connent on 40CFR, Pert 409. 

Verv truly yours, y 

•H^aro'e. marlano^ 

Interim Director 

cc: Governor John A. Burns 

Lt. Governor George Arlyoshi 

Th! II!!!!!!!* “• stn«tor 

The Honorable Daniel Inooye, U. S. Senator 

The Honorable Spark Matsunaga, U. S Reoresentatiwa 

0?* Repi^esMtatlvi ^ 

Or. Walter Quisenberry, Director of Health 


3033 


A-243 















9. EfBuent Limitations Guidelines and Standards of Per¬ 
formance and Pretreatment Standards for the Liquid 
and Crystalline Cane Sugar Refining Subcategory of 
the Sugar Processing Industry, 39 F.R. 10522 (Wednes¬ 
day, March 20, 1974) 







ENVIRONMENTAL 

PROTEaiON 

AGENCY 


LIQUID AND 
CRYSTALLINE CANE 
SUGAR REFINING 
SUBCATEGORY 

Effluent Limitationt Guidelines 
cuid Proposed Pretreatment Standards 
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Titto 40--^ro(Mtlon of tha EfwirafimMi 

CMAmR i-«nvironmental 

MOTECnON AGENCY 

PART 409^UCAR PROCESSING POINT 
. SOURCE CATEGORY 

Liquid and CnrctoHina Cana 8t«ar Raffnlw 
Subcalaiory 

On December 7, l»7a. noUot waa imb- 

(3S TR 

>H*a) Uiat Uie Environmental ftotac* 
Uon Acency (EPA or Acency) waa pro- 
po^ effluent Umltattona guMellnea for 
rating aourcea and atandorda of per- 
fonnanoe and pretre^tment atandaida 
for new aourcea within the oryatalUna 
cam Bugar and liquid earn augar refining 
au^tegoriea of the augar proccMlng 
category of point aouroea, 
tt.V^ I«n3oee of thlB noUce te to eatab- 
Mah final effluent Umltationa guldellnea 


lUlB AND REGUUnONS 

Interaatad panona wero Invited to t>ar- 
^3^ In the nilemalclng by aubmilting 
wrtt^ omamento within 80 daya from 
Jf»c d^ of pubUeatton. Prior public par- 
Ljelpatloo to the form of aoUclted com- 
,•«> raaponaea from the Statea, 
agan^ and other intcreated 
P*fMee were d^rlbed in tte preamble 
w tm propoaed regulation. The EPA haa 
^mred mrefuUy all of the commente 
dlacuMlon of theae com- 
mnta with the Agency’a responae thereto 

lOllOWA. 

The ragulatlon aa promulgated con- 
^ algnlficant departures 
from the propoaed regulaUon. The fol- 
lowlm dlacu^ outllnoa the roiisora 
wm theae changea were made and why 
other auggeatlona wero not adopted. 

(a) Summartf of comments. The fol- 
to the request for wrlU 
m commenU contained In the preamble 
to tta proposed regulation: VA. Oepart- 


Thla la proven technoloRy. currently 
within the yrnin tnllllng, 

^’though the eco- 
noirm situation <rf the industry pre¬ 
cludes the c.' tabliahment of this tech¬ 
nology « BPCTCA. H has Sen ro 
K. ‘*”tt there U 

ioM ^ utilized by 

ISM wltliln this Industry segment. The 

BATEA Is es- 
tab llahc d Is proven and has l)een studied 
m te^ of an economic Impact analysis 
wifl zouna to be AccepUtbJe. 

It the IntenUon of the proposed 

tBPCTCA) 
harometrlc condenser cooling 
*** handled as net (the ad- 


*? ““ «u»r OTXicaeBlng cate- United States Cam Sugar Re- fottoenaer water rather than treatment 

S5 •*«» lodeTich. regulations have been 


- ^ Z V • •VP CDI 

PtanJSLr^?!!.®^*' “*• Water 

^ •• “"ended (the 

“11*^ 1817(0: sa 

Stai. 816 et aeq.; Pub. L. 88-800. Regula- 
tjooa regarding eoollng water Intake 
•tnieturea for all &\tegorlaa of point 
•"ygy toxto r section J16(b) of the^ 
be pmnulgated In 4ti CPR part 408. 
ItoadjUtlon, the SPA is simultaneously 


Syey- Reoiana. stating the appUoa- 

•tondaSdstSt 

forth bOow to ueera of publicly owned 
toeatmmt irorks which are subject to 




Oommittee. 

. **»• comments neelvad waa 

mrefuUy reviewed and analysed. The fol- 
towjn* .la a summary of the slgi^^t 
Agency*, ream^ 

(8) One commenter queatiooed the 
wbcategoflsatton Into liquid and erystal- 


-mufw** "TfrllUTM e&nA 

eugar refinertae. •—‘ovoane 

T^ gul d e llnea are actually more strln- 
wmt tlowar numbers. treat^t 

flBcleney) for liquid refining. Theoa am. 
two lllptln£± iml#. _^ao_ _ 


cooung water only. Tor 
W'CTfM for both aubcategorlea, the 
baala of the (fluent Umiutiona gul^ 

“Arto^ned by the addition of the net 
AttrUiuted to the barometrle con- 

that 

eniount of B005 attributed to the treated 
umiutlon U that 
to the treated 
**“ barometric 
toran^ ooollng water and proceaa 


r~~~ — —uusvQ ana impossible 
to meeeure separaMy prior to discharge 
the vahiee should be considered net**’ 
The poUutant levels eaUbllahed for- 
JSfvKSSf -Vi */tor BPCTCA. 
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cotkU ( 88 ) rather than for totul aua* aMent with EPA’a deflnlUon of "aaoond* Ul invealmenl co&t u raro for thcacire- 
peitded nonlUtcniUo aoIkU (TS8t. mt treatment*'. Anmea. 

SelUeable aoikla, uiiUke TS6. dnea not llie guklellnoa for DATBA need not bo (10) The coinmeul waa made that tlwi 
meaaura ttio treatmont aOoleiKy of a eonalatant with the "aocondary traat- imi> 1UU and oiicralliic cxmU of trouUncnt 
bMaateal treatment ajratam. Thera ment** deflntthm under aoetlen 304<d) of apitear to bo uixlurautcd. 
ahould be no moaaurable aetUealdo aoUde the Aet. Inataad. tbep inuat moot the re> The Agency hua recaaailtiod Um roat 
m the overflow from a aeccndary clart- aulremenbt aet forth In aoctlon Mftb) of data and flnda Uiftt tlieae data are ao« 
fler uaed la a btologlcal treatment aye* the Act. curate and auiMUnUule the ruanonaUc- 

tem. It would be mcanlngleaa to eatab* (ID Oue oommenter felt that while ncaa of the propured regulatloiu. 
llah a etaudard lor a parameter witich eand filtration la mentioned aa the (17) The cointnrnt v-ae made Uiat the 
doee not meaaure the degree of treat- BATEA. thia ahould not preclude the uae energy required to treat waatea and op- 
ment achieved by tl.e treatment aystem. of other poUahlng methoda to meet the crate cooling towera will add a burden to 
(!) It waa recommended that tlic BOOS atandarda. The Agency haa not required our praeent criKts. 
monthly limitetion (BPCTCA) be baaed any treatment method to be emidoyed It haa been catimalcd that tlie nddl- 
on an effluent concentration ranging from by Industry to achieve the guidelines, tional energy to aclUeve the BPCTTOA 
•O-llS mg/1 from the biological treat- Idany other polishing methoda exist and UmiUtiona ranges from between o.e and 
ment system for both the erysUlline and the guidelines may be ichicved by means 0.84 percent of the current industry en- 
liquid cane sugar refining subeategoriea. other than those epocifled in the develop- ergy usage. To achieve the BATEA Itmi- 
The effluent levels from treatment of ment document. tnllona. the esUmated addlUonal energy 

procees water by an activated tludge or (13) It waa recommended that BODS required rangu from between 1.6 and 6.1 
other biological treatment aystem under the BATEA be limited to 0.16 percent of the current industry energy 
<^PCTCA) hftve b^en nodiltcd to that Ib/ton, or <loublo th# proposed lUnlta* usa^e. These enun^y reQuiremeuts were 
crystalline cane sugar reflnerlcs are re- U(». baaed on a leaear treatment ifS- reviewed by Ute Agency and iudeed to be 
qulrad to meet effluent levels go mg/l elency. not excessive. 

for both BODS and TS8 and liquid cane TTia expectad degree of trMtmerit . (18) The comment waa made that cool-' 
sugar refineries are required to meet efflu- baaed oi> the BATEA haa lieen rw- bag towers sometimes ew ia^ fogging ax^ 
**it level s of 100 tag/l for both BODS eraluatod and modified. Baaed on Im- noise problems, 
end TB8. These leveU are approximately proved operaUon of the property de- For aomo locaUons. some of the time, 
^ble tlwm In the propoaed regulation, signed biological treatment aystem, theae problems may be encountered. 
This nwdUlcaUon of the guldellnos is re- affluent BODS levels of 40 mg/l for the However, through proper design these ef- 
quM beoauaa no one currently operatee modrt erystalUna and 7S mg/l for the feete can b« minimised, 
a bi o lo gi ca l aystem to treat refinery model liquid cane sugar refinery are da- (16) Tlia Blalc o’ Halratl stated that 
was*^ SPA eontinuea to believe that a tenalnod to ba naUstic. No credit for they are oppioed to the InstaUation of a 
property dasignad and 'y>erated system BOOS removal with tha solids removed cooling tower ct a refinery In Aiea. Ha- 
M daacrlbed would moot the In tba sand poUshlra operation Is as- wall. Tha State would want to review the 

IlmlteUcns^ forth In tbo propoaod eumoO. Thia to because of the uncortainty alternaUve of reclaiming the refinery's 
guldffliM 'riie revision of the Uinltatlons at preoent of tho ratio of soluble to in- barometrlo condenser cooling water 
In tha flntf guldrtlnos to not Uiteudad to solubla BODS in tho effluent from tho stream through the irrigation of public 
allow aay taHor degrao of traatment. Um btolo gi cai traatmant system. parks and recreational faculties in tha 

same syslMi ahould be uaed. and the ays- (IS) Tha comment .was made that the araa. 

w show Hd w destimad so at to affldeve raw waste load baatUne valua with re- The EPA's guidellnae limit -only tba 
r? *“* ^" **' revtolon to gard to filter cake slurty aaaumad the quantity and quality of the pollutants 

Intended c^ to tete into account operas unlvarsal InataUation of filter aid ro- which may ba discharged. Dtochargeis 
Monu pfOOMU which anight ba an« cyola ytt a mg . may amploy any tarhnnInaT in^hKltna 

*??'***^»^i ***• **’*^®*** ^Po*i ra-analyito of the filter cgkaahir- land disposal or oUter altarnatlvas. which 

"“JSwiL*"" ... atream. U sraa found that a caleula- wiU result in with ■m-J' uml- 


i 







ImiiiI Niilvac* valUM, and plant Mdvaca 
VnliNn. 

Tlifl Aitmer baa rwtawad tbaaa aa> 
Miinitlloiia uatd in Uia aconcmile impact 
Miuilyala and found Uicm to bo aubotan- 
tiiUly comet. Tba coat of capital need in 
t)H9 analysia la baaed upon tba rate of n- 
turn experienced in thia particular In- 
tluatry. rather than the rate of return for 
entire food proceaclnf IndiMtry. Any 
dlfTercnce in land and plant aalvaxe 
vuliioa were detennlned to be tnaignifl* 
•conomic impact anaiyaia. 

V’opottA regytu~ 
raw prior to promidoafioa. Aa a leautt of 

AlfKII^ OkAowaaaM amAa > 




tion ^ the EPA. the foUoarlnc chanxee 
bare been made in the reculation. 

^ (1) Th e eflUent levela from treatment 
M proceea waate ’■;ater by an acUvated 
treatment aya- 
iBPCTCA) baye been modilled ao 
toM eryatallina cane auiar reflnerlea are 

5SSSii!i5f 52* **!*l!!f «fl »n«/l tor both 
BOTWandTBS and liquid caneaucarre- 

??*^ •".**»*{?* *® ••*«>* BveU 

-of 100 mg/l for both BOD5 and TBS. 

ler^ are approximately double 
regulation. The 
modUleatfon of tbe guldailnaa ia required 
opeimtee a bio¬ 
logy ayatem to treat refinery waatea 

daring and operated ayatem of tbe type 

JtoiCTibed would meet tbe Umiuuon^ 
m ^ propoeed gutdeUnaa Tbe re- 
Alaoii of tbe Umltationa in tbe final 
fi)ddtilnaa to not Intended to allow any 

degrm ^ treatment. The aame aya- 

tm abould be uaad. and tbe ayatem 

***0”^ be de at gn ed ao aa to aebleve the 
WP«jed guiMlnee. The revtolon to to- 
0 *^ to tate into account.opera- 
tioow probletna which might be enooun* 

technology 

W) TheeghicntlcvetoforBCD5reault- 
eppltoatlon of BATBA hare 
wen mortined, 

operatloo of the 
rrt^ly deaigned Uological treatment 

Jw eryataUlne and t» mg/l for liquid 

wiLS^i'SS***** "• “otermlriodto 
w more reelletic. 

Me credit fo r BODi rcnMnd ^th the 1 


' lUllS AND IfOULATIONS 

Hi? SH^.*?^.****^"* atondarda of See- 
Congrcaa reeog- 
ni«^ that aome fiexlbUlly waa neeaai^ 
1° o*]*jo*Jo Into account the com* 
In^uttrlal world with re- 
■PACt to the practicability of poUutloii 
control technology. »>«iHiion 

bi ^formity with the Congrcaaional 
to^Md ta recognlUon of the poaalble 
. “*••• reguUUona to account 

for an faetora bearing on tbe practtoaUl. 
control technology, it waa con- 
Prortoion waa needed to 

??**!?**' *" Alrtct appU? 
cation of the limitations <- 


assumed. This to becauae of the 
w. . *^ •* present of tbe ratio of 
bi the eflue^ 

r« tte biological treatment system. 

Analyato of biologleal 
^tment ayatems opera' ng on waatee 

'SJm ^****“"-4*® “•**■ *»fln‘ng 

rudgmont, the 
«ojJlng ratloo of dafiy maxtum to 
I”|yy overaga UmtUtlone are aalab- 

oondenaar cooling wo*or 

M *Il??* ***• oyer- 

^ for BO DI for both aubcalegoriea. 

erater wlU be two <g) timt the 
bod* and three (*? 

STaiSaJSSlfi ’**• 

Act 

*mAa for guMetlnea” to Impleanent 


ihiH2®2?W' • P~'^®n allowing flex. 
[ *be application of the llmlta. 

trSd^tlSSSH"* ‘*** P«cl‘cable eon. 

currenUy available has 
»**** *o AAch subpart, to account 
fw ^iylal clrcumatancea that may “t 
5?*" Adequately accounted for 
wlM those regulations were deyeloped. 
(c) Xecnomie impact. above lUted 
will not aignlfleantly affect the 

Der£Mr5“t^ **“ «t»»dy pre- 

addlufli "rilatlona. in 

”~"®n. It iM bm learned that one 
®*®A«igArreflnery conaldei«a to be im* 
£*®**f*r upder the assumption that a 
©Mnplete treatment ayatem for treatin' 

*^*** ^**’’ •‘"A™ WAS neoet 
■ 017 . u no lonftr imparted The nfva. 

* muntelpal tr^ 
• roaaonablo Inittol and 
PTAdudAs tho preylouely 
expoctod oeonomlc Impact. ^ 

,.^1 ,®®^*beiie>ll analptii. The detrl. 
S2t!r*«fL*®** **“ conatttuenu of 

‘“**AWd by point 
222^1 ***• *“• fAflnlng 

»urM Mtegory are discussed In 8e^ 
jnr of ttao repon entitled *l}evela^m 
Doemnant for Effluent Limitations 
2Sm2tS2/tL*^ Can^ugar Refining 

PArtteularly‘!J?S‘Su2Mll^^ 

from tho dtoSiigTSf tl22/S! 
iitSif.*® Batlon’a Waterways, ifey- 
•*^J*d*AA aa Indlcatad In Section VI the 
baye subatantlal 


diMtry refining In- 

I**'*®!?* ***** *be benefit 
of Uiue reducing tbe polhitanu du- 

n® •AAOdated coeU 
wlilch. though aubetantlal in absolute 
•oHna. represent a relatively amall oer- 

***® ***** “‘P***! investment in 
the .‘nduetry. 

(e) PvhUeaHon of inlormation on proe- 
'"‘^Adwre*. or operating methods 
which iresMlt In the eliminoiion or reduc- 
rum Of the disriutrge of joUutanti. In 


—(c) of the Act a manual cn* 
titled, ‘'Development Document for K* 
fluent Limitations Ouldeltnes and New 
Source Performance Standards for the 
Cane Sugar Refining ftogment of the 
Sugar Proceaaing Point Source Cate- 
Aory," baa been pubitohed arxl to avail* 
Able for purehaae from tbe Oovemment 
Printing Offlcc. Washington, D.C., 30401 
for a nomina! fee. 

Tast RutaitAxiNa 

conelderetlon of tbe foiegoing, 40 
CPR Chapter 1, Subchapter M, Part 400 
to A:^«nded by adding Subparte B and C 
to read ae aet forth below. Thto final reg. 
ulatlon to promulgated ae cet forth below 
and ehall be effective May 30. 1014. 

Dated: March 13.1074. 

Russau E. Taant. 

AdmlsUttrator. 

•■**••* A.rtnli^ 


ApplIoabUlty; dasertptloo of tha 
crrsUltlae eaae sugar rsaotna sub* 
category. 

Spocleliasd Acflnltloos. 

♦oa.» seiutnt Umltallons guldcllnM repr*. 
mating tba dcgiaa of affluent re 
duetlen attainable by tba appllce 
turn of the beat practicable control 
400 M _ *?**‘^dogy currenUy avalleble. 
<09.33 gahwnt llm Utlonc guldeltoce repre- 
Mtlng the degree of effluent re¬ 
duction attainable by the applies, 
don of tha beat available teehnol* 
eeooomloelly achievable. 

<00.34 IBaaervedj 


*“ ‘u «pStT S 

5J!*****a populations of wildlife 

*Pdueti1al. recreational 
and drinklug aratOT aupply uaaa. 

*o*Al eoat of tmplementtng tha 
Ajbi Ant ^ sgtlona guidellnea ^uOaa 
ivf ®*P**A* And operating po ata of 

^ oy^ to achlave ooncdlAnee and tha In* 
«w1«nmenui eoata 
In Section vm and In the atm. 
212^2217 enUtSad ‘nCsonomto 
^^***2* Pwpoead Effluent OuidelllM 
*“■“ Beflnlng Induatry** (October’ 
the affluent llmlt». 
wmj^dellnea wUI aubstanUally reduce 
*5*<*2«*>n»cnUl harm which would 
ou^wtoa Attotatable to the Mn. 

tlBiMd dtoaharge of polluted waate walan 


<0AJa Standards of performanee for new 


<oeja Pretreatmant ctandarde tor new 


i ifflpe f. e-UfuM ^ aeger SiSN na 


tWJO App l IoabUlty: deecrlptlon of tho 
|*y»*A caaa cuaar reSnl^ tubette* 


ISJii SJ«»*'a<A definltloot. 

<0ejS Effluent Umltationa galdallnaa rvpre* 

ISTJiSf Anm* of affluent^ 
duetlen attai n a b le by tbe asollea- 

^ mcb ii magy eurrenuy evaUabla. 
40asa Effluent llautatlone BUldeltoee fept*. 

*Ac davee of effluent^ 
duetlen aUalnalta by ib# aopilea. 
^ ef tbe bmt ^v^Uable 2bn^ 

<0.S4 

<0AJA Standards ef parfumaam fm mw 
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lUitS AND REOUUTION$ 


tubpMt •—CrytteWM CaiM tuftr 
IMMfiC tubCAttgory 

I WiM AivllcaMilyt Jenertfl l — vf 
lb« rryataHliM cmm Mtfar raftNing 
—h fi f g a t y. 

The provUkmt of this subport ore op- 
plleoble to dischorges rMulUng from the 
proeoMlng of row cone sugor Into ciystol- 
line teflncd uugor. 

I ggrrialiani'M.Anhiwia. 

For the purpose of Uim subport: 

( 0 ) Bxo^ os provided below, the gen¬ 
eral deAnlUons. obbrevloUons ond meth¬ 
ods of onolysis set forth in Port 441 of 
this chopter shoU opply to this subport. 

(b> Net iholl meon the oddiUoo of 
poUtliftnti. 

(e) Melt sholl meon thot omount of 
raw moterlol (raw sugar) contotned 
within ogueous solution at the beginning 
of the process for production of refined 
eono sugor. 

I t«9,tS EMoeoi (laiuiioM goMdlnc* 
rewressiillim ibe degree of eflaenl 
re d ortleii sIlalaaLle by ike applir e - 
lleo of Ibe keel praclieeUe control 
terhitology eurrentlr avaiUMo. 

<o> In eetoblishing Uie llmlUtlotis set 
forth in thts acettoo, EPA took into oe- 
count all information it was oMe to col¬ 
lect. develop ond solicit with respect to 
factors (such as age and sise of plant, 
raw materiols, mimufacturlng processes, 
products produced’ treatment technology 
ovolloMe, energy requirements ond 
eosts) which c&n affect the industry sub- 
eotegorisotioo ond efliuent levels eatob- 
Uehed. It Is. however, possible thot data 
which would affect those UmltoUons hove 
not been ovoiloble and. as a result, these 
limltotloas should bo adjusted for cer¬ 
tain plants In thts industry. An individuol 
dtsebarger or other interested person 
may submit evidence to the Regional Ad- 
miniotrator (or to the State, if the State 
has the authority to issue NPDIS per¬ 
mits) that factors relathig to the equip¬ 
ment or fadUUos Involved, the process 
appliod, or other such factors related to 
such dtacharger are fundamentally dif¬ 
ferent from the factors considered in the 
establishment of the guidelines. On the 
basis of such evidence or other available 
Information the Regional Administrator 
(or the State) will moke a written find¬ 
ing that such facters are.or are not fun¬ 
damentally dlSerent for that facility 
compared to those specified In the Oe- 
velopment Document. If such funda- 
aaentally different factors are found to 
exist, the Reglotial Administrator or 
the State shall establish for the 
diaduuger eRuent limitations in the 
NFDBS permit either more or less 
stringent than the limitations esta b l i shed 
herein, to the extent dictated by such 
fundamentally dUfereot factors. Such 
limitations OMad bo approved by the Ad- 
aatnistrator of the Environmental Pro¬ 
tection Agency. The Administrator may 
approve or dleapprove such I tml ta t to n a. 
epo^y ether Mmltatlons. or initiate pro- 
md»ngr to revtae those regulaUoos. 


(b) Hie following limitations estab¬ 
lish the quantity or quality of pollutants 
or pMlutanA properties, controlled by 
Viis section, which may be discharged 
by a point source subj^ to the provi¬ 
sions of this BUbpart after application of 
the best practicable control technology 
currently available: 

(1) Any crystalline cane suga.* reflnery 
discharging both barometric ondenser 
cooling water and other procow waters 
shall meet the following limltr.Uons. The 
BOD5 limitation is determined by the ad¬ 
dition of the net BODS attributed to the 
barometric condenser cooling water to 
that amount of BOOS attributed to the 
treated process water. The TBS limita¬ 
tion is that aiAount of TBS attributed to 
the treated process water. Where the 
barometric condenser cooling water and 
process enter streams are mixed and im- 
po^Ue to measure separately prior to 
discharge, the values should be con¬ 
sidered net. 
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1409.24 (ItrMvardl 

I 409.2S Stnndanla of prrfurmanrc for 
nrw aoiirrcs. 

The following standards of perform¬ 
ance estobiah the quantity or quality 
of poilutanta or pollutant properties, 
controlled by this section, which may 
be discharged by a new source subject 
to the provisions of this subpart: 


Kffluriil Uraiialioo* 


KlVhirttl 

HubnMtrtinlk 


Mavlmum fnr 
Mir I (Ur 


avmrc* of (Ufir 
imHm tor in 

fOCItMUtlVF 

dor» Ml noi 


(1) Any crystalline cone sugar refinery 
discharging barometric condenser cod¬ 
ing water only should bo raqulred to 
achieve the following net limitations: 


klairir u'dl* (k.kifruM prr lAO) 
kf a< mrll) 


Wiililn Ilia rails' SS la VS. 

g.«IMi nidi* (pound! (lar 
M«a(ni«li) 

aw aw 

.n .sr 

B'liMii th' rang* SS Is VS. 


I 449.74 F.fliiirail limiUlloaa gahMiana 
tBaavamling ika degsve of eMurM 
rvdacllaa BUBlaakla by dM BppH r a 
' Ikm of Ike keel avallahU lerhimingy 
ecaakBOktr a lly arklevabla. 

Tha foilpwing Unatotloos eaUMlab the 
quantity or quality of polintante or pol¬ 
lutant iwoperUea. oontroDad by this aoo- 
tlon, which may bo dleehorged by a point 
aourae subtoet to the pnwvlaions of this 
atfbpart after appUcotloa uf the 
beet available technology economioolly 
oehlovablo: 


1409.26 Preirvalmmi aiandards for 
new aewrcBB. 

The pretimtment standards under 
aoctlon 307(c) of the Act for a source 
within the crystalline cane sugar refin¬ 
ing aubcategOTy, which is a user of a 
publicly owned treatment works (and 
which would be a new sourca subject to 
aoction 304 of the Aot. if it were to dis¬ 
charge poUutsmtv to the navigobla 
waters). shall be the standard set forth 
in Part 130 of this chapter, except that, 
for the purpoee of this section, 1138.133 
of this chapter ahall be amended to 
read as follows: 

In addlUon to Uw probll>|tlons aat (orUt 
US 40 OPH IM.lSl, Uta protrastmant stand- 
aid for IneompaUIrla pMIutanU tntroduesd 
Utto a puMlely ewnad UBstmont vroras anail 
So too otoodard of porfonnanoo for now 
ookiroso spOelOod la 40 Cm 400AS: Propldrd, 
Thas. If too pubUely oaraad WvaUnoBt worm 
whieli rooaivaa tos pollutonls is ooinmittau. 
m Its NPDgg potmli, to rtmova a spoeiOod 
psroantosa at say laoocapaUMo petlutant. 
toa protrastasaal standarO applWa b lo to 
uasrs of such traataaaat works sImU. oseopt 
la toa 0000 o( otoadardo provldiag for no 
dWakarga af poilutoato ba cor r aap V dinsly 
SBOnosal Is atrtnganay far tost paUutaat. 
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C—Liquid Cun* Sugar RaSnlnf 
Subcatafory 

I ^OV-tO A|«|illr»bUiiri dr^rripiitiN «f 

Ilia liquid raiM mgmr rrAnlna Mb- 
rtlrgmr/. 

The provLsIonn of this tub|>art are ap¬ 
plicable to diMcharKCs resulting from the 
proccsrilnr of raw cane sugar Into uiouid 
refined sugur. 

I <109.31 .S|MTiiilixrd drfiiiiiion*. 

For Uic iiurpose of thU subpart: 

'*> Encept as provided below, the gen¬ 
eral dcflnlllons, abbreviations and meth¬ 
ods of aniUyMs set forth In Part 401 of 
this chapter shall apply to tills aubpart. 

(b) Net sli.'ill mean the addition of 
pollutants. 

(c) Melt Khali mean that amount of 
raw material <raw sugar) contained 
within aqueous solution at the beginning 
of the procesK for production of refined 
cane sugar. 

i 409.32 Kflluriii liniilsliutix auidelines 
»ep»v«niili»a the degree of efliueiil 
rMurtinn aliainablc by llie applies* 
lim of the best prarlirable eonlrol 
IrciiiHilogy rurrrnlly arsllablc. 

r Xn csUblUhing the limitations set 
forth In UiU section. EPA took Into ac¬ 
count all information It was able to col- 
lert. develop and sediclt with respect to 
factors (such as age and slse of plant, 
materials, manufacturing processes, 
products produced, treatment technol- 
•ral^le, energy requirements and 
costs) which can affect the Industry sub- 
ca^orlsatlon and effluent levels esUo- 
**• X>o*ever. possible that dau 
wlU^ would affect these UmlUUons have 
not bm available and, as a result, these 
limitations should be adjusted for cer- 
taln ^anta In this Industry. An Individ¬ 
ual discharter or other interested per- 
»n may submit evidence to the R.egtonal 
Administrator for to the State, if the 
State has the authority to issue NPbES 
permits) that factors relating to the 
equipment or facilities Involved, the proc- 
m appUed. or other such factors related 
to such discharger are fundamenUlly 
different from the factors consider^ In 
;!l* “‘■Wlshment of the guidelines. On 
“*• of such evidence or other avail¬ 
able Information, the Regional AdminU- 

• written 

nnd^ that such factors are or are not 
fundamentally different for Uiat facility 
compared to those specified in the De- 
’[f*®?*"***^ Document. If such funda- 
factors are found to I 
Hu? Regional Administrator or the 
State ^aU esUbllsh for the discharger 
«^t .imltaUons in the NPOB8 permit 
ti™!?!.."*®" rirtngent Umn the 

{l^.‘*iJ?*“^W‘shed herein, to the ex- 
tont d ictated by such fundamentoUy dlf- ( 
i rrent fy tors. Such IlmIUtlons must be ■ 
^ Administrator of the 1 
fraction Agency. The * 
approve or disapprove j 


RUIH AND KECULATIONi 

(b) The fMlowing limIUUons estab¬ 
lish the quantity or quality of pollutants 
or pollutant properties, eontroiied by this 
section, which may be discharged by a 
potni source mbjec', to the provisions 
of this subpart aftoi application of the 
best practicable control technology cur¬ 
rently availaMo: 

(1) Any liquid cane sugar refinery dis¬ 
charging .'loth barometric condenser 
cooling water and other process waters 
shall meet the folloaring limitations. The 
BODS limitation Is determined by the 
addlUon of the net BODS attributed to 
Lhe barometric condenser cooling water 
to that amount of BOIS attributed to 
the treated process waUr. The T88 limi¬ 
tation is that amount of TS8 attributed 
to the treated process water. Where the 
barometric condenser cooling water and 
process water streams are mixed and im¬ 
possible to measure separately prior to 
dlacharge, the values should be consid¬ 
ered net. 


KStimil HinIIMImh 
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totik anlu (Wlosnun* prr IJM 
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noiM.. 

TM. 

pH.. 

EnCkdi anlu (poandi prr 
lanWawh) 

kis a« 

• Sw .i| 

. WIlMii Ibr fuller An la 'la 

(3) Any liquid cane sugar reflnary dls- 
charglng barorostrle condenser etiollng 
water only ahall meet the foUowlng net 
IlmIUtlons: 
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S 409.34 IKcscrted] 

f 409.35 Standards ef grrforniunre for 
■rw sources. 

The following standards of perform¬ 
ance establish the quantity or quality of 
ptdlutante or pollutant properuee, con- 
trollad by this secUon, whicli may be dis¬ 
charged by a new eource subject to the 
provisions of this subpart: 
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I 409.33 Efluenl IlMilslliMM auidrliisra 
rrprsoealiiig Ihe dnwro of cflluml 
rrdiaelloa elUimiUe by Ibe applira- 
IkNi of ifce best avsilsMr Irrhnotogy 
rr ow o Bil f s U y arblevsbir. 

The following llmlUUoiui catobUsh 
the quanUty or quality of poUutanU or 
PoUutant prapartica, eontroiied by this 
sertlon, srhleh may be diacharged by a 
point eouroo eubjeet to the provisions of 
this subpart aftar application of the 
baig available technology econrmlcally 
aeMevablo: 


I 409.3d Pretrea'mrM standard* for 
new sources. 

T.ie pretreatment standards under 
section S07(c) of the Act for a souitse 
within the liquid cane sugar refining sub- 
cato gory, which Is a user of a publicly 
owned treatment works (and which 
would bt a new source eukjrc* 

304 of the Act. If it were to discharge 
pollutants to the navigable waters), shall 
ba the standard act forth tn Part 12g. of 
thla chapter, except that, for the pur- 
poea of this section, | I2g.l33 of this 
ehapter sliell be amended to read as fol¬ 
lows: 

In addit ion to tlw prohlMtlons sat forta 
la 40 on IM.Itl, tba pfetraatmant atand- 
ard for IneompaUMo pollutanta Inlroduoad 
Into a puMlely oonad t r aa tm ant uorka oball 
da Uw atoadard ot partonaanoa for now 
aowem apaciHad la 40 cam soeAS: fTorMH. 
That. If tha publicly ewaad traaUnant worka 
?*'«** to# peUutaau U eotamittad. 

la Its IfWiaa pcTMIt, to r st o rc a apacMad 
parrontsas cT say taeoauMtlbla pollutaat. 
tos prrtryatmaat s t a n da r d sppIleaMa to 
vsafs of ejch triahnaot wocta shall, aaoaps 
bt tha eaaa of a t a nd arda providing for no dla- 
ehorgo U poilutaals, bo eonoapondingty ro- 
ducod la atrtngcacy for toot poUuUat. 
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abstract 


This document presents ^J« *JjjJ^^®8e*Sf*recommending*^Effluent Liaiita- 
sugar refining industry for of perforaiancef and pretreatment 

s.«io» 30., 

306» and 307 of the "Act." 

Effluent Limitations Gj^f*^** S?oIlih*‘*thJ'*tppUcatiS^*' S* th^ Best 
effluent reduction ,jjntly Available (BPCTCA) and the 
Practicable Control though the application of t^ 

degree of effluent reduction attain^i . , (BATEA) irtiich must be 

mU *v.il.bl. Technol^ Econ«icjlly WhlwjbW »“5 1,83. 

achieved by existing point JforSiilce for nem sources (NSPS) con- 

i\ on‘ir.sv.i!isro..:sirr«ei 

‘cSitrof P*«c.:S5“S*4trtln, oti.« .lt.rn.tlv... 

The cane suTat tefininj ^ *JJ •“|J^l§'SM*iSgat*'M£lnln9 and 

been divided into linitatloL tor all three 

discharge to navigable waters (see Table ). 

supportive data and /“iSliSa 'of a?^ SStaXU”?^ 

Limitations Guidelines and °8 of the^gar processing industry 

this document. The cane sugar processing and beet 

not contained within ^is „ orocessing is being studied at this 

sugar processing. R«w cane ®“9 P . Beet sugar processing has 

time and is to JJ Jhi^iSjJSt^of TsepalSte Report entitled 

been previously studied JSe^Sugar Processing Industry. 

- Beet sugar Processing segment or tne oug«* 
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SECTION I 


CONCLUSIONS 


?uSu?j.*s/p?4m: ?Lf«i«*i:;; 

further substantiate the subcategorization as stated. 
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SECTION II 
RECOMMENDATIONS 


following effluont limitations be aoDlled 

achl«wiA*K ^*^^4 Econo*icaHy Achievable (BATEA) t^ch n^t be 

*^*i^‘Ormance for new sources (NSPS); 


TABLE 1 

RECOMMEMOEO EFFLUENT LIMITATIONS GUIDELINES AND 
STANDARDS OF PERFORMANCE 


BPCTCA - Crystalline cane Sugar Refining 
Subcategory 


tht !S 54 ;?ii limitations. The BOD 5 limitation is determined bv 

the addition of the net BODS attributed to the _ 1 - m , ^ 

ssiii?* "sr iis"iieii:ss„°‘irih:i“isss:? s? si .sisHe/irH* 
SipiJ spihiisr. 

prior to discharge, the values should be considered net. *** ^ 


Effluent 

Characteristic; 


Maximum for 


TOD^ 

JOZ 

(Metric units) 

TSS 


pH 


BOD£ 

TSS 

(English units) 

pH 



Effluent 

Lim^tatlqiii 

Average of daily 
values for thirty 
consecutive days 
- gn^ Shall not escyij 

touTriw 9t IfU 

1.19 0.43 

0.27 0.09 

Within the range 6.0 to 9.0. 

^/ton of 

2.38 0.86 

0.54 0.18 

Within the range 6.0 to 9.0. 


^tLM. 
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TABLE 1 


R£CX>Mlf£NDEO EFFLUENT LIMITATIONS GUIDELINES AND 
STANDARDS OF PERFORMANCE 
<Oontlnu«d) 


(b) Any crystalline cane sugar refinery discharging baronetrlc 
condenser cooling water only should be required to achieve the following 
net limitations: 


Effluent 


Effluent 


BOD^ 

BOD^ 


Average of dally 
values for thirty 
Maximum for consecutive days 

flDE.flPB,ddY shall not exceed 

(Metric units) Jcg/TUca of melt 

1.02 0.3« 

(English units) Ib/ton of melt 

2.04 0.66 


BATEA - Crystalline Cane Sugar Refining 
Subcategory 


Effluent Effluent 

Average of dally 
values for thirty 
Maximum for consecutive days 
aPY-flDg-^Y WWd 



(Metric units) 

9t 

BOD^ 


0.18 0.09 

TSS 


0.11 0.035 

pH 


Within the range 6.0 to 9.0. 


(English units) 

Afe:tgp.gf 

BOD^ 


0.36 0.18 

TSS 


0.21 0.07 

pH 


Within the range 6.0 to 9.0. 
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TABLE 1 


RECONNENOEO EFFLUENT LIMITATIONS GUIDELINES AND 
STANDARDS OF PERFORMANCE 
(Continued) 


NSPS - Crystalline cane Sugar Refining 
Subcategory 


Effluent 

gharacterist^y 


Maximum for 
any one t^yy 


BOD5 

TSS” 

pH 


BODS 

TSS“ 

pH 


(Metric units) 


Effluent 

Average of daily 
values for thirty 
consecutive days 
Rhall not 


9t 

0.18 0.09 

0.035 

Within the range 6.0 to 9.0. 

(English units) Ib/ton of m«>l^ 

0.36 0.18 

0.21 0.07 

Within the range 6.0 to 9.0. 
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TABU 1 


REOONNEMDBD EPFLOENT LIMITATIONS GUIDELINES AND 
STANDARDS OF PERFORMANCE 
(Continusd) 


BPCTCA - Liquid Cans Sugar Rafinlng 
Subcatagory 


cane sugar refinery discharging both baroeetric 
conaenMr cooling water and other process waters should be required to 
meet the following limitations. The BOD 5 limitation is determined by 
the addition of the net BOD 5 attributed to the barosietric condenser 
cooling water to that amount of BOD5 attributed to the 
water. The TSS limitation is t*;at 
treated process water. 


treated process 
amount of TSS attributed to the 
Where the barometric condenser cooling water and 
process water streams are mixed and impossible to measure separately 
prior to discharge, the values should be considered net. 


Effluent 



Effluent 


Average of dally 
values for thirty 
Maximum for consecutive days 

a n Y . 9n^ 4dY shall not exceed 


BOD^ 

(Metric units) 

0.78 0.32 

TSS 


0.50 0.17 

pH 


Within the range 6.0 to 9.0. 

BOD^ 

(English units) 

Ib/ton of melt 

1.56 0.63 

TSS 


0.99 0.33 

pH 


Within the range 6.0 to 9.0. 
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table 1 

(Continued) 




Effluent 

CBaracteytfftiT 


Naxinuoi for 
any one ^|y 


Effluent 

Uai^itt9ng 

Average of daily 
values for thirty 
consecutive days 
shall Tnrrrl 


BOD^ 

BOO^ 


(Metric units) fco/kka of 

0.15 

(Engli.h unit.) ^on of ..i. 

0.90 0.30 


Effluent 

StoLACterist^ip 


BATEA - liquid Cane Sugar Refining 
Subcategory ^ 


Effluent 

Uwitati^ny 


Maximum for 
any one 


BOD5 

TSS 

pH 


BOD^ 

TSS 

pH 


(Metric units) 


Average of daily 
values for thirty 
consecutive days 
flilflAA not exc^y<3 


^q/iOca 9f 

i'E 0.15 

0.09 0.03 

Within the range 6.0 to 9,0. 
(togilsh unit.) to/ton of 

0.06 

Within the range 6.0 to 9.0. 
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TABLE 1 


RECOMMENDED BFELOENT LIMITATIONS GUIDELINES AND 
STANDARDS OF PERFORMANCE 
(Continued) 


NSPS - Liquid cane Sugar Refining 
Subcategory 


Effluent 

characterigtls 


Effluent 

Average of daily 
values for thirty 
Maximum for consecutive days 
any one day Pgt .WfifiEd 


BOD^ 

TSS 

pH 


BOD^ 

TSS 

pH 


(Mtjtric units) 

0.30 0.15 

0.09 0.03 

Within the range 6.0 to 9.0. 

(English units) ^ 9t 

o!i8 0.06 

Within the range 6.0 to 9.0. 
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SECTION III 


ZNTEOOUCTION 


PURPOSE AND AMHQEITY 

Section 301 (b) of the Act requires the echleveeient by not later theh 
July 1, 1977, of effluent llnltatlone for point sources, other then pub¬ 
licly owned treatment works, which are based on the application of the 
beet practicable control technology currently available as defined by 
the Administrator pursuant to Section 304(b) of the Act. Section 301(b) 
also requires the achievement by not later than July 1, 1983, of 
effluent limitations for point sources, other tlian publicly owned 
treatment works, which arc based on the application of the best 
available technology economically achievable which will result in 
reasonable further progress towards the national goal of eliminating the 
discharge of all pollutants, and which reflect the greatest degree of 
effluent reduction which the Administrator determines to be achievable 
through the application of the best available demonstrated control 
technology, processes, operating methods, or other alternatives, 
including where practicable, a standard permitting no discharge of 
pollutants. 


section 304(b) of the Act requires the Administrator to publish within 
one year of the enactment of the Act regulations providing guidelines 
for effluent limitations setting forth the degree of effluent reduction 
through the application of the best practicable control 
technology currently available and the degree of effluent reduction 
•ttainable through the application of the best control measures and 
practices achievable including treatment techniques, process and 

procedure innovations, operation methods, and other alternatives. The 
regulations proposed herein set forth effluent limitations guidelines 
pursuant to Section 304(b) of the Act for the cane sugar refining 
segment of the sugar processing source category. 

section 306 of the Act requires the Administrator, within one year after 
a category of sources is included in a list published pursuant to 
Section 306(b) (1) (A) of the Act, to propose regulations establishing 

Federal standards of performances for new sources within such 
categories. The Administrator published in the Federal Register of 
January 16, 1973, (30 F.R. 1624), a list of 27 source categories. 
Publication of the list constituted announceaient of the Administrator* s 
intention of establishing, under Section 306, standards of performance 
applicable to new sources within the cane sugar refining segment of the 
sugar processing source tdiich was included within the list published 
January 16, 1973. 


SUMMARY OF METHODS USED 

iUipniNM AND standGBs 


KB ^ 


■THE EFFLUENT LIMITATIONS 


The effluent limitations and standards of performance recommended in this 
report were developed in the following manner. 
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General InformaHon was obtained on all plants and detailed Info^aatlon was 
collected for 28 (97») of the 29 domestic cane sugar refineries identified 
as currently in operation (see Table 2). The sources and types of infor¬ 
mation ccmsisted of: 

a) Applications to the Corps of Engineers for Permits to Dis¬ 
charge under the Refuse Act Permit Program (RAPP) which were 
obtained for 24 refineries provided data on the charac¬ 
teristics of intake and effluent waters, water usages, waste- 
water treatment and control practices employed, daily pro¬ 
duction, and raw materials used. 

b) A questionnaire previously submitted to segments of the in¬ 
dustry (17 refineries) by the United Stiites Cane Sugar Re¬ 
finers' Association. 

c) on-site inspections of 19 refineries which provided infor¬ 
mation on process diagrams and related water usage, water 
management practices, and control and treatment practices. 

d) A sampling of four refineries to verify the accumulated 
data. 

e) other sources of information including personal and telephone 
interviews and meetings with regional EPA personnel, industry 
personnel, and consultants; State Perpiit Applications; inter¬ 
nal data supplied by industry; and a review and evaluation 
of the available literature. 

The revietn, analyses, and evaluations were coordinated and applied to the 
following: 

a) An identification of distinguishing features that could po¬ 
tentially provide a basis for subcategorisation of ths in¬ 
dustry. These features included raw material quality, age 
and sise of the refinery, nature of water supply, process 
employed, and others, discussed in detail in Section XV 

of this report. 

b) A determination of the water usage and waste water character¬ 
istics for each subcategory, discussed in Section V, including 
the volume of water used, the sources of pollution in the plant, 
and the type and quantity of constituents in the waste waters. 

c) An identification of those waste water constituents, discussed 
in section VI, which are characteristic of the industry and 
were determined to be pollutants subject to effluent limi¬ 
tations guidelines and standards of performance. 

d) An identification of the control and treatment technologies 
presently employed or capable of being employed by the re- 
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T URTJg 2 

SOURCE CP DKIA 


Type Ixxaitlcn 


Size-k)cg/day 

(Average Malt) Visit Sanple Data 


Anatar C 

Anatar C 

Anatar C 

Anatar C 

Anatar C 

J. Aicxi C 

C&H C 

C&H C 

Colonial C 

EN^rcane C 

Glades County c 
Godchaux C 

Ouanlca C 

Iqualdad C 

BiiaftrlaJ, C 

Mexoedlta C 

National C 

Revere C 

Hoig C 

Savannah Fooda C 
South Coaat C 

Southdown C 

CPC C-L 

SuCreat C-L 

Florida Sugar L 

Induatrial L 

Pepsioo L 

Ponoe Candy L 

SuCreat L 


Baltimore, Md. 
Boaton, Maaa. 
Brooklyn, N.Y. 
Chalmette, La. 
Philadftlrhia, Pa. 
Siqpcene, La. 

Aiea, Hawaii 
Crockett, Ca. 
Grmaexcy, La. 
Clewiaton, Fla. 
Moore Haven, Fla. 
Beaerve, La. 
Biaenada, P.R. 
Mayaguez, P.R. 
Sugarland, Texas 
Ponoe, P.R. 
Philadelphia 
Charlestown, Mass. 
Yabuooa, P.R. 

Port Nantworth, Ga. 
Mathewa, La. 

Houna, la. 

Yonkers, N.Y. 
Brooklyn, N.Y. 

Belle Glade, Fla. 
St. Louis, Mo. 

Long Island, N.Y. 
Ponoe, P.R. 

Chicago, Ill. 


2350 

No 

No 

1/2,4 

900 

Yes 

No 

1/2,3,4 

1900 

Yes 

Yes 

1/2,3,4,5 

2800 

No 

No 

1/2,4 

1900 

No 

No 

1/2,4 

680 

No 

No 

1/4 

170 

No 

No 

1/4 

3175 

Yes 

No 

1/3,4 

1350 

No 

No 

1/4 

360 

Yes 

No 

3 

420 

No 

No 

3 

1540 

No 

No 


200 

Yes 

No 

1/3 

630 

No 

No 

1 

1350 

Yes 

No 

l/2,3,4 

545 

Yes 

No 

1/3 

1900 

No 

No 

1/3,4 

1090 

Yes 

No 

3 

360 

Yes 

No 

1/3 

1700 

Yes 

Yes 

1/2,3,4,5 

635 

No 

No 

1/4 

635 

Yes 

No 

l/2/3,4 

1650 

No 

No 

l/2,3,4 

750 

Yes 

No 

1/2/3 

350 

Yes 

No 

1/3,4 

275 

Yes 

No 

1/3,4 

725 

Yes 

Yes 

1/3,5 

55 

Yes 

No 

1/3 

775 

Yes 

Yes 

3/5 


C—Crystailline Refixiezy 
L—Liquid Refinery 

C-L—Ccnbination Crystalline-Liquid Refinery 

1 Corps of asgineers Application 

2 Prior Analyses 

3 Interview of Plant 

4 Questionnaire 

5 Verification Sanpling 
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fining industry, discussed in Section VII, including the ef¬ 
fluent level attainable and associated treatment efficiency 
related to each technology. 

e) An evaluation of the cost associated with the application of 
each control and treatment technology, discussed in Section 


T. results of this analysis indicated that three refineries are 
currently achieving no discharge of pollutants to navigable waters by 
means of land retention, two refineries discharge all process wastes to 
municipal treatment systems, and ten other refineries discharge all 
wastes except barometric condenser cooling water to municipal systems. 
The Mjority of the remaining fourteen refineries partially treat or 
partially retain waste waters. 

BASKqRQtfNP Of CANE SUGAR INDUSTRY 

The earliest recorded production of sugarcane was in Southeast Asia 
three thousand years ago. Sugarcane was introduced into Europe in the 
eleventh century, ^d by the thirteenth century the crystallization of 
sugar from cane juice was being practiced throughout the Eastern 
Hemisphere. 

The origin of sugarcane in the Western World was with the second voyage 
1^93. Commercial cane sugar production began in the 
United States in the late eighteenth and early nineteenth centuries. 
The grokrth of the industry experienced considerable instability until 
l^deral Sugar Act of 1936 (^Mlended in 1971) provided protective 
tariffs, a quota system, and price control. 

DEFINITION QF THE INDUSTRY 

Cane sugar refineries produce either a white crystalline or a clear 
liquid sugar from unrefined raw sugar which is purchased from domestic 
factories. Molasses is produced as a by-product and is sold 
as animal feed, for the making of alcohol, as a source of certain 
organic chemicals (ethyl and butyl alcoholols, and acetic and citric 
acids), and for other uses. 


fact that raw sugar is more economically transported than is 
refined sugar (raw sugar is not considered to be a foodstuff and thus 
can be shipped in bulk without extensive sanitary safeguards), 
refineries ^e generally located in urbanized retail market areas U 
shown in Figure 1 and Table 3. The refinery located in Aiea, Hawaii, 
sugar primarily for island consumption. The refinery at 

the West Coast market and receives its 
raw material primarily from the Hawaiian sugar factories. 


In some cases 
markets as 


, refineries can be located near both factories and retail 
can be observed in south Florida, New Orleans, and Hawaii. 
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TABLE 3 


AflCBIgftH »aS Syff&B. BggMffilEg 

Normal Malt 

Baf inarv _liggitifiP_-I1ASJ!2 a 

[Crystalline Refineries (14) ] 


Amstar 

Baltimore, Md. 

2350 

6 

Amstar 

Boston, Mass. 

900 

1 

Amstar 

Brooklyn, N.Y. 

1900 

24 

Amstar 

Chalmette, La. 

2800 

15 

Amstar 

Phlladel{dila, Penn. 

1900 

tt 

California fi Hawaiian 

Crockett, Calif. 

3175 

25 

California S Hawaliam 

Aiea, Hawaii 

170 

19 

Colonial (Borden) 

Gramercy, La. 

1350 

12 

Evercane (Savannah Foods) 

Clewiston, Fla. 

360 

26 

Godchaux 

Reserve, La. 

1540 

e 

Imperial 

Sugarland, Texas 

1350 

11 

National 

Philadelphia, Penn. 

1900 

5 

Pevere 

Charlestown, Mass. 

1090 

27 

Savannah Foods 

Port Wentworth, Ga. 

1700 

18 

[Liquid Sugar Refineries 

(5) ] 



Florida Sugar (Borden) 

Belle Glade, Fla. 

350 

17 

Indust rial (Borden) 

St. Louis, MO. 

275 

10 

PepsiCo 

Long Island, N.Y. 

725 

2 

Ponce Candy 

Ponce, P.R. 

55 

29 

SuCrest 

Chicago, Ill. 

775 

9 


r : i 
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TABLE 3 (Coatlnuad) 


Bg^lnerv_ 

fLiquid-Crystalline 

CPC 

Sucrest 


MffiiCAy . flvy g suff^ REFiKgp ygp 

iininerl.. - Hf l t 

Yonkers, n.Y. 1650 

Brooklyn, N.Y. 750 


[Refineries Operating 
Glades County 
Guanica 
Iqualdad 

J. Aron S Company 

Mercedita 

Roig 

South Coast 
Southdown 


with Sugar Factories (8)] 
Moore Haven, ria. 
Ensenada, p.p. 
Mayagues, p.p. 
Supreme, La. 

Ponce, p.p. 

Yabucoa, p.p, 

Mathews, La. 

Houma, La. 


420 

200 

630 

680 

545 

360 

635 

635 


-fkkQ/day) 

3 

7 

16 

21 

20 

13 
22 
23 

14 
28 


Otii- 
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The refineries in Puerto Rico, all of which operate in conjunction with 
raw sugar factories, serve the Puerto Rican donestic narket. 

The 24 refineries in the continental United States and Hawaii are owned 
by fifteen private corporations or cooperatives. Four of the refineries 
in Puerto Rico are operated by the Puerto Rican government. Those 
organizations operating more than one refinery are listed in Table 4 . 

TABLE 4 


MULTIPLE OWiyERSHIF.QF_gW?AP RETIMERIfij 


Owner 

H^adouarters 

Number of 
Refineries 

Amstar 

New York, M.Y. 

5 

California & Hawaiian 

San Francisco, California 

2 

Borden 

Columbus, Ohio 

3 

Savannah Foods 

Savannah, Georgia 

2 

SuCrest 

New York, New York 

2 


PROCESS DESCRIPTIQH -■■■CAWE SUGAR RgFMEBIEg 

The raw material for cane sugar refining is the raw, crystalline sugar 
produced by the cane sugar factories. Raw sugar consists primarily of 
crystals of sucrose (ClgHiiOll) with small percentages of dextrose 
(glucose) and levulose (fructose) , both with formulas of (C^HJ^Oi^ , as 
shown in Figure 2 , and various impurities which may include bagasse 
particles, orgauilcs, inorganic salts, and microorgauilsns. Raw sugar 
crystals contain a film of molasses, the thickness of which varies with 
the purity of sugar, and in which the non-sucrose components are con¬ 
centrated. 

The raw sugar processed by the American refineries may be of domestic or 
foreign origin, and the production as well as the importation of raw 
sugar is closely governed by U.S.O.A. quota. From a refining process 
viewpoint, there is little difference in raw sugar related to its source 
other than the amount of impurities present. 

A cane sugar refinery receives raw sugar in bulk form by truck, rail, 
barge, and/or ship, and stores it for periods up to several months in 
large warehouses. As required by the refining process, the raw sugar is 
conveyed from storage through continuous weighing to the magma oiingler, 
the first step in sugar refining. Figure 3 presents a simplified 
process diagram of cane sugar refining. 
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GLUCOSE 


FRUCTOSE 


H2OH 


FIGURE 2 


SUCROSE OR a-D-GLUCOPYRANOSYL—0-D-FRUCTOFURANOSIDE 


1 ' 


P 


h-2n 
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Raw Sugar 


Hot Water 



FIGURE 3 

SIMPLIFIED PROCESS DIAGRAM FOR CANE SUGAR REFINING 
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a«yax crystals. The crystalline »» i surrace of the raw 

the molasses film, then oisugar is washed to remove part of 
purification ««., •oiution, taken thcoulr wloll 

in detail ooiiidSrably fj^ furthermore, 

in decoloriza^ion w refinery to refinerv 

granular activated carbon where the media may be bone char' 

ion-exchange or other materials *®^iY*^*<* carbon, vegetable carbon' 

1« *>one char^ 'FioSle*,^ ‘'’® United 

Of bone Char refinin, and Pt,ure s’iTa'alSISt”* lf'’ISK| Sllnilr*’ 


MXin^tion and Meit^^nrj 


fine 
These 
as solid 


mingling, or PlacJSg jfi^cJJsSn ”ti®a «ith 

source of the mingling syrup iJ solution. Jhe maiS 

recycled syrup is healed i^‘^orSer?o ffd^i ?"®®"T^^^“9*i®* the 

or the resulting magma is heated in « il. loosening the molasses film, 
into centrifugals, which seM^te Jhf mixer. The magma is fed 

is then added to^proviae a wfahl^S** molasses from the sugar, 
is discharged into a melter which alsS °^°"* »»8he6 sugar 

sugar's weight in water Hlahcontains about one-half of the 

SF-”--pii‘.rtT S 

65« Brix and a t«,p.ratur. of about 6»**J.“4rlSI*«S|.'';;Si‘J^f,*‘«>"‘ 

-feiisr «<=««. 

l-puritie. are nol«Jl“S?.J:;^o:|*^'- 

Si^ fin^sSi flrL iPefecatlqt^t 

screened melt liguor stlii r^nrt*-^- «• 

-hich are removed S[ cJa^IfiSJSi"® suspended and colloidal 
^ulation and either flotation clarifiers may involve 

most common chemical defecants are pressure filtration. The 

lime. The result of this treatmen*- acid, carbon dioxide, and 

and formation of a tri-c!lS!^^^"^ neutralization of organic ^ciSs 
of the colloidal and other suaS^SfS®^® P*^*®ipi<^te which entrains much 

commonly diatomaceous earth. *^mav i"®*^ filter aids, most 

phosphoric acid. ' f ^ “®®‘* alone or in conjunction with 

P«lipfllM°"ny“''n*“fl“||iol*"“” «• couoidel „d suspended 
besed siisply on the principie of* tlli^*^ frothinp clarifiers and are 
precipitate «.d fornL, i^^*cu.“‘ on“*S.’ Ji|«id*‘"“|f*ao:f*n"rl..:r*l 
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FIGURE 4 (CONTINUED) 

TYPICAL ^E CHAR REFINERY Sheet 2 of 3 
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filtration commonly takes place in a cloth or leaf-type filter with cake 
removal by means of high pressure sprays. 

The mudSf scums« and filter muds produced in clarification contain sig¬ 
nificant sugar concentrations which must be recovered. Frothing 
clarifier scums* particularly tri-calcium phosphate scums* are often 
sent to a second clarifier and the resulting scum is filtered on rotary 
vacuum drums with the addition of filter aid. Wie press cake is usually 
handled in a dry form and taken to landfill but may be slurried. High- 
test sluicings may be dewatered in rotary vacuum filters and the 
resulting Sweetwater added to affination syrups and the dewatered cake 
used as filter aid for filtration. 

Besglgtiaa^igfl 

After affination and clarification, the sugar liquor still contains im¬ 
purities and color that require physical adsorption for removal. As 
previously stated* most large crystalline refineries use fixed bed bone 
char cisterns (also called filters)* although in more than 50 years 
there have been no new refineries equipped with them. An individual 
cistern is commonly three meters (ten feet) in diameter and six meters 
(20 feet) deep and holds approximately 36 metric tons (40 tons) of bone 
char and 20*800 liters (5*500 gallons) of sugar liquor. There are 
generally 30 cisterns per million kilograms of daily melt. 

Sugar liquor passes in j^arallel through each cistern in a dovmward 
direction and undergoes adsorption of the color bodies and ions. From 
90 to 99 percent of color is removed* with the higher removal occurring 
at the beginning of the cycle. Divalent cations and anions and 
polyvalent organic ions are effectively removed* as are phosphate and 
bicarbonate. Monovalent ions are not removed. 

After some period of operation* the decoloration ability of the char 
decreases to an unacceptable level and the char must be washed and 
regenerated by heat in kilns or char house furnaces. The sugar liquor 
in the cistern is displaced with a piston effect by hot water. The 
water effluent is a low purity sweet water and is taken to evaporation 
for sugar recovery. The total amount of sweet water produced is usually 
about one-half of the cistern*s volume. 

After the purity of the water effluent has degraded to a point where 
further sugar recovery is considered uneconomical* it is released as a 
waste water stream. The eunount of wash water used oiay oe governed 
either by time or by ash content. 

After the last of the wash water has drained from the char cistern, the 
char is discharged from the cisterns* dried by hot air, and regenerated 
in kilns. The kilns provide a temperature of ad>out 550® Centigrade and 
a controlled amount of air. Under these conditions any organic residue 
is destroyed and the buffering and decolorizing capacity of the char is 
renewed. 
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The operation of a granular carbon raflnary la in many waya aimllar to 
that of a char raflnary* but tbara ara at tha aama tlma algniflcant 
dlffarancaa. Granular carbon adaorba minimal aah and producaa 
conaldarably mora awaat watar. Tha only waata vatar normally aaaociatad 
with tha daoolorlaation atap In tba procaaa la watar uaad for 
transporting tha carbon. Tranaport watar can ba rauaad aa tranaport 
water* but muat ba diachargad parlodically dua to bactarlal growth. 
Most granular carbon raflnarias dlscharga transport watar onca or twice 
a week. 

Powdered activated carbon is used for decolorisation in small refineries 
and in liquid sugar production. Regeneration of pothered carbon is 
difficult and it is normally discarded after one or two cycles. 
However* in 1972* one company announced tha successful and economical 
regeneration of powdered activated carbon. 

The clarified liquor is contacted and agitated for about IS to 20 
minutes with a slurry of carbon prepared with water or sugar solution. 
After that period of time* carbon will not adsorb more coloring matter* 
but coloring matter already adsorbed can ba washed back into the sugar 
solution. Tha tamparatura of treatment is about 82* Centigrade (180« 
Fahrenheit). After the treatment la completed* about five kilograms (10 
pounds) of filter aid par 3*800 litara (1*000 gallons) of sugar liquor 
is admixed and thoroughly dispersed in tha liquor before filtration. 
The filtration is accomplished in filter aid precoat>type leaf filters. 
The cycle of each filter unit varies from five to twenty four hours* 
depending on the filterablllty and color of tha sugar liquor that is 
being filtered. The decolorised filtrate la checked in a precoat-type 
leaf filter and then sent to the double-effect evaporators for 
concentration prior to crystallisation. The total filter aid 
consumption is about 0.4 to 0.5 percent based on refined sugar output. 
The filter cake containing the filter aid* carbon* and impurities is 
sent in slurry form to the clarification scum tank* and all this mixture 
is filtered in a dry discharge type pressure filter (either plate and 
frame or leaf type); all solids are discarded* after sweetening off* in 
dry cake or slurry form in a suitable disposal area. 

Ion-exchange resins Are used to a limited extent in sugar refining for 
demineralization (deashing) or further color removal. They are used 
most extensively in carbon and liquid sugar refineries. Refinery 
liquors are percolated through a cation-exchanger which adsorbs alkaline 
salts from the liquor and leaves it highly acidic. Then the liquor is 
percolated through an anion-exchanger which removes the free acid and 
converts the sugar liquor to a neutral state. This double percolation 
can be avoided by using cationic and anionic resins mixed together in a 
single-bed cistern. The operation of ion-exchange beds in refineries is 
not unlike that of many Industrial applications in that they are 
regenerated in place with sodium chloride* sulfuric acid* or other 
chemicals depending on the type of resin. The cost and disposal of 
chemicals needed for regeneration of ion-exchangers has precluded its 
application for the entire refining process. 
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Eva£9ta£tgp 


No matter what method of decolorlzatlon is used, the final steps of re- 
crystallizing and granulating are essentially the same in all 
refineries. Hie first step in recrystallization is the concentration of 
the decolorized sugar liquor and sweet waters in continuous-type 
evaporators. 

An evaporator is a closed vessel heated by steeun and placed under a 
vacuum. The basic principle is that the juice enters the evaporator at 
a temperature higher them its boiling temperature under the reduced 
pressure, or is heated to that temperature. The result is flash 
evaporation and the principle allows evaporators to be operated in a 
series of several units. This practice is called multiple-effect 
evaporation, with each evaporator being an "effect", and is illustrated 
in Figure 6. In general, the vacuum in each effect is created by the 
condensation of the vapors trom that effect in the subsequent effect. 
The heat of vaporization of the juice in each effect is supplied by the 
vapors from the previous effect, with the exception of the first and 
last effects. The first effect normally has live steam or exhaust steam 
resulting from power production provided to it, and the last effect has 
a vacuum caused by the condensation of its vapors in the condenser. The 
temperature and pressure of each effect is, therefore, lower than the 
preceding effect. 

The cane sugar refining industry commonly uses double or triple-effect 
evaporation with the short tube or calandria type of evaporator (as 
illustrated), although the Lillie film evaporator is used in some 
installations. 

condensation of the last effect vapors may be provided by one of several 
condenser designs, but all operate on the principle of relatively cold 
water passing through a cylindrical vessel, contacting the hot vapors, 
and condensing them. The resulting hot water leaves through a long 
vertical pipe called a barometric leg. Air is removed from the system 
by a vacuum pump or steam ejector. The condenser cooling water, or 
barometric leg water, at a flow rate of perhaps 76,000 cubic meters per 
day (20 million gallons) in a large refinery, is the largest volume of 
water used in a cane sugar refinery. It is often untreated river or sea 
water and is unsuitable for reuse in r'der processes in sugar refining 
although some refineries use bett*.f, quality water which is recycled 
after cooling in a cooling tower or spray pond, and then reused in other 
processes. 

A problem common to the sugar refiner in his attempt to prevent sugar 
loss and to the environmentalist in his attempt to prevent pollution is 
the entrainment of sugar in the vapors from the evaporators and vacuum 
l>ans. The condensed 8te^un from the first effect has not come into 
direct contact with the sugar solution and is essentially pure water. 
It is usually used as feed water for the steam boilers as is the 
condensate from the second effect. The condensates from the other 
effects experience relatively little sugar entrainotent and are used as 
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process water; however. In some cases "excess" condensate may be 
discharged as a waste stream. The major problem, then, la with the 
vapor from the last effect which tends to have greater entrainment than 
the other effects. Due to Its mixing with the condenser water, the 
resultant volume Is too large for reuse In the process. However, con¬ 
denser water may be recirculated, if recirculated, the warm water from 
the condensers of evaporators and vacuum pans Is cooled In cooling 
towers or spray ponds and recycled. Only a fraction of the volume goes 
to the stabilization ponds as blowdown from the cooling tower or spray 
pond. This volume Is a function of the dissolved solids content of the 
water being used as barometric condenser cooling water. One would not 
recycle brackish water because of the high concentration of dissolved 
solids. With good quality water, this blowdotm can be less than one 
percent. 

Various methods of reducing entrainment are used In the Industry, but 
most are based on either the principle of centrifugal action or that of 
direct Impact; l.e., changing the direction of vapor flow so that liquid 
droplets may veer away from the vapor, be Impinged on a surface, and 
ultimately be returned to the liquid body, or allowing the vapor to come 
Into direct contact with a wet surface. Schematics of various methods 
commonly used ^u:e shown In Figure 7. 

The distance between the liquid level in the evaporator and the top of 
the cylindrical portion of the body is called the vapor belt. This dis¬ 
tance has a great effect on the degree of entrainment because the 
further the vapor has to rise the greater the opportunity for liquid 
droplets to fall out. Most evaporator vapor belts In refineries range 
from 3.7 to 4.9 meters (12 to 16 feet) or about 2.0 to 2.5 times the 
length of the tubes. 

Refineries monitor sucrose concentrations in condensate and condenser 
water In order to avoid sugar contamination in boiler feed waters and 
sugar loss in condenser water. The frequency of monitoring may vary 
from continuous (auto analyzers) to hourly, daily, or weekly. The 
methods of analysis for sucrose most conunonly used are the alphanaphthol 
resorcinol tests. Both methods are based on color change resulting 
from the reaction of the test reagent with 8vx:ro8e. 

Crystallization 

After concentration in evaporators, in the case of crystalline 
refineries, the sugar liquor and sweet waters are crystallized in 
single-effect, batch type evaporators called vacuum pans. Several pans 
are used exclusively for commercial granulated sugar and the resulting 
syrups are boiled In other pans, as shown in Figure 4. Calandrla pans 
are commonly used and ^ire similar to the calandrla evaporator described 
above except that the pauis have larger diameters and shorter tubes in 
order to handle the more concentrated liquid. 

In order for sugar crystals to grow in a vacuum pan, the sugar solution 
must be supersaturated. There are three phases of supersaturation in 
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suaar boilinq: th« nbtastabl# ph*«« in which axiating cryatala grow but 
Se2 crJataS do form, tha intarmadiata phaaa in which axi^ing 

cryatala grow and naw cryatala do form, and tha labile phaaa in 
new cryatala form apentanaoualy without tha praaanca of othara. The 
formation of new or "falaa" cryatala ia undaairabla and 
maintained in that narrow range of aucroae concentration 
which providea the metaatabla phaae and allowa the gr^h of aeed 
cryatala. Automatic controla auch aa level, praa^e, ^d 
inatrumentation f ^r pan operation are uaed extanaively in augar 

refining. 

Since vacuum pane are eaaentially aingle-effect evap^ator^ e^h 
must have a vacuum source and a condenMr, 

evaporators. Sugar entrainment is a potential problem, parti^^ly 
during start-ups or upsets, and various catchalls, centrifugal 
separators, or baffle arrangements are used al<Mig with aucroae 
monitoring (see Figure 7). In some cases a small surface condenser is 
inserted between the pan and the barometric condenser to act »® ® 
exchanger in order to heat process water. This also serves to reduce 

sucrose entrainment. 

After the formation of crystals in the pans, the massecuite content of 
the pan—called a strike—is disch£urged into a mixer where it is gently 

agitated, and then into high speed centrifugals where ^e crystals are 
separated from the syrup. The crysta^ remaining .^J® 
are washed with hot water to remove remaining syrup, and the crystalline 
sugar ia discharged and sent to a combined dryer-cooler or to a dryer 
followed by a cooler. 

Th-re are normally four straight refinery massecuites toiled in the 
vacuum pans: filtered and evaporated first liquor and ttree remelt 

strikes derived from affination syrup, refinery f^Sm 

offs, and excess sweet water. The first refinery strike is 
first liquor, the second is toiled from first strike r^-off, the third 
refinery strike is boiled from second run-off and the 

third run-off. The procedure of boiling second, third, and fourth 
refinery massecuites is the same as for the first one. In a refinery 
wnere only white sugar is produced, the last 

(fourth) can be used in affination as a mingling syrup. S^e refineries 
use it to produce "soft sugars". It can be diluted and filtered through 
bone char or granulated adsorbents, or treated with powered 
carbon and used again in boiling. The sugar recovered from the re^lt 
strikes is used for the production of additional refined sugar and weii 
exhausted refinery blackstrap molasses. From 10 to 15 percent of the 
original solids in the melt are recycled through the remelt (or 
recovery) stations. 

Finist>inq 

The dryer or granulator is usually a horixontal, rotating drum 1.5 to 
2.4 meters (five to eight feet) in diameter and 7.6 to 11 meters (25 to 
35 feet) long which receives steam heated air along with the sugar 
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crystals. It may consist of ons or mors drums in parallel. The granu¬ 
lators remove most of the one percent moisture content to 0.02 percent 
or less. In addition, the dryers serve to separate the crystals from 
one another. After drying, the sugar goes to coolers, %#hich are similar 
drums without the heating elements. 

Any limps remaining in the sugar are then removed by fine screening. 
Screening also accomplishes crystal size grading. 

Both the granulating and screening processes produce considerable 
amounts of dust. Wet dust collectors are commonly used to collect this 
dust and the resulting sugar solution is collected as sweet water. 

The finished crystalline sugar is transported to conditioning silos and 
then ultimately to packaging or bulk shipment. In the larger granulated 
sugar refineries it is not uncommon to produce liquid sugair by melting 
granulated sugars and then decolorizing the solution with powdered 
activated carbon; the resulting solution is then filtered and cooled 
before being sent to storage as liquid sucrose. It may also be inverted 
to either 100 percent, 50 percent or any other degree of inversion and 
stored separately from liquid sucrose in stainless steel clad tanks 
provided with ultra-violet lamps and air circulation filters for 
sterilization purposes. 

Liguid Sugar Production 

As noted in Table 3, there are four refineries in the United States that 
produce liquid sugar exclusively as a final product and two that produce 
large portions of liquid as well as crystalline sugar. Most of the re¬ 
maining twenty-two produce some liquid sugar by melting granulated 

As shown in Figure 8, the initial refining steps of afflnation, decoior- 
***^io*'» *nd even evaporation in a liquid sugar refinery are essentially 
the same as in a crystalline sugar refinery. The primary difference 
occurs in the fact that liquid sugar refineries do not recrystallize 
their primary product. While this preempts the necessity of using 
vacuum pans to effect crystal formation and growth in the case of the 
prima^ product, nevertheless, all but two liquid refineries use vacuum 
pans for the crystallization of remelt sugars^ producing oiolasses as a 
byproduct. The two liquid refineries that do not remelt use a highly 
pure raw material. The production of liquid sugar is essentially a 
concentration and decolorization of the melted raw sugar solution. 
Because crystal formation is not a part of primary liquid sugar 
production, TOnsiderably less condenser water and process steam is 
reguireda This results in substantially less water usage to process the 
same quantity of raw cane sugar into liquid sugar than that required to 
process it into crystalline sugar. This is further discussed in Section 
V. After evaporation, the sugar solution is filtered and cooled and 
then sent to storage as liquid sugar. It may also be inverted to a 
specific degree and stored separately in stainless sveel clad tanks 
equipped with ultra-violet lamps and air circulation filters to insure 
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SECTION IV 


INOOSTRY CATEGORIZATION 


In the development of effluent limitation guidelines and standards of 
performance for the cane sugar refining industry, it was necessary to 
determine whether significant differences exist which form a basis for 
subcategorization of the industry. The objective of industry 
subcategorization is to subdivide the industry in order that separate 
effluent limitations and standards be estab lished for such 
subcategories. Several factors %i»ere considered sighiFicant with regard 
to identifying potential subcategories in the cane sugar refining 
industry. These factors included: 

1) Raw material quality 

2) Refinery size 

3) Refinery age 

4) Nature of water supply 

5) Land availability 

6 ) Process variation 

After consideration of the above factors, the cane sugar refining 
industry has been divided into two subcategories: liquid cane sugar 

refining ana crystalline c^Ule sugar refining. The justification for 
this subcategorization is presented below. 

Raw Material Quality 

All cane sugar refineries process raw sugar as produced by raw sugar 
factories* An obvious point of inquiry in this regard is the source of 
raw sugar—namely, imported versus domestic raw sugar. A significant 
portion of raw sugar refined in the United States is imported from 
Africa, Latin America, the Phillipine Islands, and Southeast Asia. 

Depending upon the operation of the factory, and to some extent upon the 
conditions under which raw sugar is shipped and stored, raw sugar could 
vary in impurity and moisture content. Investigations revealed that no 
significant variation in raw sugar quality exists because of 

specifications imposed by individual refineries. 

The exceptions are two liquid refineries which impose higher than normal 
standards for raw sugar purchases. One refinery purchases raw sugar 

from selected Louisiana and Central America factories, while the other 
purchases from selected Florida factories. The high quality of raw 
sugar allows these two refineries to avoid remelting and preempts the 
use of vacuum pans (as previously discussed in Section III, 
Introduction) . Neither of these refineries discharges waste water 

directly to surface waters. One is located in an urban area and 
discharges all waste to a municipal se%<er; the other has a rural siting 
and has geographical conditions which allow for total impoundage of all 
waste waters. 
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The quantity and quality of fresh watej; supplies utilized by refineries 
were originally considered to be possible elements for industry 
subcategorization because of potential prohibitive factors that could be 
encountered in control and treatment. Mater used for process or boiler 
water must be of highest quality; if a high quality source of water is 
unavailable, a refinery must provide treatment. However, the quality of 
water used as condenser cooling water is unimportant; it was observed to 
vary from municipal water to sea water. Typically, refineries use a low 
quality surface water as baurometric condenser cooling water. 

The major importance of the gross characteristics of condenser water is 
that with a high quality intake, the discharge (which essentially has no 
net pollution except for temperature and entrained sucrose) can be 
reused in the refining process. Thus a major waste water stream, 
condenser cooling water, can be significantly reduced or, depending on 
the relative volumes, virtually eliminated. One refinery accomplishes 
this by utilizing municipal water as the source for condenser cooling 
water. It is a liquid refinery which does not use vacuum pans, for 
reasons discussed ad>ove and in Section III, and thus has a relatively 
low volume of condenser water. More typically, due to the volumes 
required and based on present practices, refineries utilize available 
surface waters as condenser cooling water, regardless of quality. 

Land Availability 

Land availability was originally considered as a possible element for 
subcategorization because of the potential economic advantages and 
technical feasibility of waste water treatment and retention by 
lagooning, land disposal, and impoundage (see Section VII, Contyol and 
Treatment Technoloq Y>. Land availaoility has been defined as the 
ownership or potential ownership of land, or the use or potential use of 
land ovmed by others with the owner's permission, with such land being 
of sufficient quantity to provide treatment of waste water by lagooning, 
land disposal, or impoundage, and with the stipulation that the economic 
value of the land does not prohibit its use in such manner. For a 
number of large refineries in urban areas, the nonavailability of land 
must further be defined as the lack of sufficient space for industrial., 
waste water treatment facilities. However, these refineries presently 
have access to municipal treatment systems, to which they discharge 
their process waste water. 

It was determined that relatively little of the sugar refining Industry 
has available land. Forty-five percent of the refinery installations 
may be considered to be rurally located, but these represent only about 
25 percent of the industry on a production basis. Land and excavation 
costs for total impoundage of waste waters make this treatment 
alternative prohibitive for the industry as a whole. The option exists, 
however, with a proper choice of site location based on a careful 
consideration of geographical and climatic conditions, for new sources 
to utilize the availability of land in eliminating discharge to 
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SECTION V 


WATER USE AND WASTE CHARACTERIZATION 


SgfCIfIC.WATER USES - CANE SUGAR REFINERIES 

Figure 9 shows a schematic diagram of water usage and waste water flows 
In a typical liquid sugar refinery and Figure 10 presents one for a 
typical crystalline refinery. The major in-plant water uses include: 

Barometric condenser cooling water ^ 

Filter cake slurry ■ 

Char wash 

Floor wash water 

Carbon slurries 

Boiler makeup 

Truck and car wash 

Afflnatlon water 

Ion-exchange regeneration 

Water use varies widely among cane sugar refineries due to variations in 
process, water reuse, and conservation techniques. Aa shown in Table 5, 
the amount of fresh water used in refineries varies from 10.5 to 64.2 
cubic meters per metric ton (2,520 to 15,400 gallons per ton) of raw 

sugar melted. The average water usage in liquid sugar refineries is 

approximately 16.1 cubic meters per metric ton (4,350 gallons per ton), 
while the average for crystalline refineries is approximately 36.2 cubic 
meters per metric ton (9,160 gallons per ton). Combination 
crystalline-liquid cane sugar refineries use approximately 35.2 cubic 
meters per metric ton (6,450 gallons per ton). 

Water balances for a liquid and a crystalline refinery are shown in 

Figures 11 and 12, respectively. Negligible water enters a sugar 

refinery from raw material. High quality fresh water enters the liquid 
refinery illustrated at a rate of 1.67 cubic meters per metric ton of 
raw sugar (400 gallons per ton) and is used for all process purposes 
other than cooling water. ipooling water is used for the barometric 
condensers at a rate of 20.9 cubic meters per metric ton (5,000 gallons 
per ton) of raw sugar melted, and the source of this water is typically 
the nearest body of surface water. Raw water in the crystalline 
refinery shown is used at a rate of 45.1 cubic meters per metric ton 
(10,600 gallons per ton) of raw sugar melted; 3.36 cubic meters (610 
gallons) of this is high quality water used for various purposes while 
41.7 cubic meters (10,000 gallons) is low quality surface water used as 
barometric condenser cooling water. 

In general, cane sugar refineries are more sophisticated in waste water 
control techniques than are sugar factories (and more conscious of sugar 
losses): however, current practices for wetez reuse are generally 
limited to recovery of high purity sweetwaters for their sucrose content 
and reuse of condensates for boiler feed water and other purposes. 
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TABLE 5 


UNIT WATER* INTAKE AND WASTE WATER DISCHARGES 
CANE SUGAR REFINERIES 


Refinery 

Intake 

Discharge 

Condenser 

Water 

l^rocess 

Water 

tecoloriza 

Wash 

C-1 

48.5 

48.5 

44.9 

3.6 


C-2 

16.8 

16.8 

16.1 

0.7 

0.66 

C-3 


42.9 




C-4 


44.6 

43.2 

1.4 


C-5 

45.2 

43.8 

42.5 

1.3 


C-6 


42.4 

40.6 

1.8 


C-7 

25.8 

25.8 

24.4 

1.4 

0.54 

C-8 


64.2 

62.8 

1.4 

0.84 

C-9 


38.1 

34.1 

4.0 


C-11 

s 

t 

25.0 

24.4 

0.6 


C-12 


63.1 

61.7l 

1.4 


C-14 


3.322 

23.5 

2.7 

0.22 

L-1 

10.5 

10.5 

8.0 



L-2 

16.0 

16.0 

16.0 



L-3 


16.0 

14.1 

1.9 


L-4 


30.0 

26.9 

3.1 



* All values expressed as cubic meters per kkg of melt. 
Based on pump capacity, not on actual measured flows 
Has a recyc e system for barometric condenser cooling 
water resulting in a reduction in water discharged. 
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TABLE 5 
( CONTINUED ) 


UNIT WATER* INTAKE AND WASTE WATER DISCHARGES 
CANE SUGAR REFINERIES 


Refinery 

Intake 

Discharge 

Condenser 

Water 

f^rocess 

Water 

()ecolor1zat1on 

Wash 

CL-1 


22.5 

21.3 

1.2 


CL-2 

47.9 

47.9 

47.1 

0.8 


CF-1 



91.3^ 

1.0 


CF-2 



45.0 

8.6^ 


CF-3 



68.65 

2.2 


CF-4 



72.0® 

1.4 



* All values expressed as cubic meters per kkg of melt. 

3 Based on vacuum pan capacity, not on actual measured flows. 

^ Includes substantial water usage as a result of factory operations 
(I.e. continuous water spray of bagasse pile). Maximum discharge 
as a result of refinery operation alone approximated at 3.0 m^/kkg 
of melt. 

I Based on pump capacity, not on actual measured flows. 

^ Based on maximum barometric condenser capacity; a greater than 50% 
overflpw occurs over pumping capacity of B6.9 m3/kkg of melt making 
43.5 m'^/kkg of melt the upper limit of actual barometric condenser 
cooling water flow. 
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figure 11 

WATER BALANCE IN A LIQUID SUGAR REFINERY 
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FIGURE 12 

WATER BALANCE FOR A CRYSTALLINE SUGAR REFINERY 
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TABLE 6 


DCCOLORIZATION MEDIA USED BY EACH CANE SUGAR 
REFINERY CURRENTLY OPERATING 

D>co1or1z>t1on Mtdia 

Bont Activattd Activettd Carbon Bona Char, Carbon, 


Refinery Char _ Carbon plus Ion-Exchange _ and Ion-Exchange 


C-1 

X 



0-2 

X 



C-3 

X 



C-4 

X 


« 

4 

C-5 

X 



C-6 

X 



C-7 

X 



C-8 

X 



C-9 

X 



C-10 

X 



C-11 

X 



C-12 

X 



C-13 

X 



C-14 

X 



L-1 



X 

L-2 



X 

L-3 



X 

L-4 



X 

L-5 



X 

CL-1 



X 

CL-2 



X 

CF-1 


X 


CF-2 



X 

CF-3 


X 


CF-4 


X 


CF-5 


X 


CF-6 


X 


CF-7 


X 


CF-8 


X 
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TABLE 7 


SUMMARY OF TYPES OF DECOLORIZATION MEDIA 
USED BY CANt SUGAR REFINERS 


T^n—-— 

Refinery 
_Type 

cir- 


Decolorization Media 

U^ilorifitiOntMOdia ratl.'r 

Bone 

Char 

Activeted 
Carbon 

Activated carbon Bone Char,’ Carbon, 

_pluslon-Exchange and Ion-Fxrhano« 

Crystalline 

14 

7 

1 

0 

Liquid 

0 

0 

5 

0 

Crystalline- 

Liquid 

0 

0 

1 

1 

Total 

14 

7 

7 

1 
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decolorlzation medium In the production of crystalline cane sugar. A 
substantial difference in discharge flew would oiean a substantial cost 
difference associated with the treatment of this waste water stream. 
The average process water discharge for all crystalline refineries is 
1.86 cubic meters per metric ton (450 gallons per ton) of melt. The 
average process water discharge for all crystalline refineries utilizing 
bone char as the decolorlzation medium is 1.85 cubic meters per metric 
ton (445 gallons per ton) of melt, while for those using activated 
carbon is 1.90 cubic meters per metric ton (455 gallons per ton) of 
melt. This amounts to a difference of 2.6% more process water 
discharged by crystalline activated carbon refineries. The average 
process ««ater discharge by those crystalline refineries employing better 
water conservation techniques is 1.18 cubic meters per metric ton (283 
gallons per ton) of melt. The average process water discharge by those 
crystalline bone char refineries employing better water conservation 
techniques is 1.17 cubic meters per metric ton (280 gallons per ton) of 
melt, while for those refineries employing better water conservation 
techniques and using activated carbon is 1.20 cubic meters per metric 
con (288 gallons per ton) of melt. This amounts to a difference of 2.5% 
more process water discharged by the crystalline activated carbon 
refineries. (See Tables 8 and 9). It has been determined from this 
analysis that no significant difference exists in the process water 
discharge of crystalline bone char versus activated carbon refineries. 

Another factor considered was the difference in process water discharge 
versus size for crystalline cane sugar refineries. As shown in Figure 
13, no correlation exists between process water discharge and size of 
the refinery. 

Miscellaneous water uses and Waste streams 

Water is used for a number of purposes in a cane sugar refinery in addi¬ 
tion to those previously discussed. Fortunately, most of the waste 
streams produced can be recovered as low purity stfeet water. In a well 
operated refinery essentially all floor drainage is recovered. Conden¬ 
sates produced by the condensation of vapors in all but the last effect 
of multiple-effect evaporators are used for boiler feed water and other 
purposes in the refinery. 

Sludges, scums, and filter cakes have in some past instances been slur¬ 
ried and discharged to streams. Current practice is to either impound 
these slurries after desweetening or to handle them dry and provide land 
disposal. 

Minor waste streams may include boiler blowdown, cooling to%#er blowdown, 
water treatment sludges, and various wash waters. These are highly 
variable and minor in individual volume, but may be significant in terms 
of total pollution load, particularly in a poorly operated refinery. 
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TABLE 8 


PROCESS WATER DISCHARGE FOR CRYSTALLINE 
CANE SUGAR REFINING ( ALL REFINERIES ) 


Type of 

Refinery 

Number in 

Study 

Average Process 
Water Discharge 
( m3/|(kg of melt ) 

Range 

( mJ/kkg of melt ) 

Crystalline ( All 

) 

15 

1.86 

0.6 - 4.0 

Bone Char 


11 

1.85 

0.6 - 4.0 

Activated Carbon 

- 

4 

1.90 

1.0 - 3.0 


Difference « 1.90 - 1.85 » ? fit 
-1755- 
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TABLE 9 


PROCESS WATER DISCHARGE FOR CRYSTALLINE 
CANE SUGAR REFINING ( AVERAGE OF THE BEST ) 


Type of 

Refinery 

Number In 

Study 

Average Process 
Water Discharge 
{ m^/kkg ot melt ) 

Range 

( m-^/kkg of melt ) 

Crystalline 
( Best ) 

9 

1.18 

0.6 - 1.4 

Bone Char 

7 

1.17 

0.6 - 1.4 

Activated Carbon 

2 

1.20 

1.0 - 1.4 


Difference ■ 1.20-1.17 » 2.5X 
-- 
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PROCESS WATER DISCHARGE VERSUS SIZE FOR 
CRYSTALLINE CANE SUGAR REFINING 




Barometric condeneec cooling vffltsi 

The major waste water stream in any refinery* in terms of volume* is 
barometric condenser cooling water produced by contact condensation of 
vapors from the last effect of multiple-effect evaporators and from 
vacuum pans. The amount of condenser water used on a unit basis in a 
refinery varies %fi^h the availability of water# the extent of automation 
in the control of operations* and the thermodynamic relationship between 
the intake water and the vapors to be condensed; iee^f the higher the 
temperature of condenser water influent* the larger the volume of 
cooling water required for vapor condensation. 

From the most reliable of data available* the average once-through flow 
of barometric condenser cooling water for refineries of all categories 
is nearly 31.5 cubic meters per metric ton (7*550 gallons per ton) of 
raw sugar melted. For liquid sugar refineries the ave. age is nearer 
16.3 cubic meters per metric ton (3*900 gallons per ton) of raw sugar 
melted, while for crystalline refineries the average is nearly 36.5 
cubic meters per metric ton (8*750 gallons per ton) of melt. 

Recirculation of barometric condenser cooling water is practiced by 
several refineries; this technique of reduction of the discharge waste 
water streaun is further discussed in Section VII* 

T echnology . 

WASTE WATER CHARACTE RISTICS —CAM£ PWIHBPIK 

The characteristics of the total waste water effluent from a cane 
refinery vary widely* depending upon the characteristics of the 
individual waste stream as described below. However* the following 
major total raw waste streams can be identified; 

1. The waste water produced by a crystalline sugar refinery 
using bone char for decolorization. The majority of 
waste stream components are char waeli water which 

is a part of the process water stream* and barometric 
condenser cooling water. 

2. The waste water produced by a crystalline sugar refinery 
using carbon for decolorisation. The major waste streams 
from this type of refinery are barometric condenser 
cooling water and process water* including ion-exchange 
regeneration solutions and carbon slurries. 

3. The waste water produced by a liquid sugar refinery em¬ 
ploying affination and remelt and* therefore* using 
vacuum pans. The discharge from this refinery is simi¬ 
lar to that from the carbon crystalline refinery except 
that the flow of barometric condenser cooling water is less. 

4. The waste waters produced by a liquid refinery which does 
not use affination* does not remelt* and therefore* does 
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Impurities that are removed by adsorbents may be classified (2) into 
three types: (1) colloidal material, (2) color-forming compounds, and 

(3) inorganic constituents. 

Although a large number of adsorbents could theoretically be used in 
sugar refining, only a few are in current use. These include: 

1) Bone char 

2) Ion-exchange resins, mixed media 

3) Ion-exchange resins, specific media 

4) Granular activated carbon 

5) Powdered activated carbon 

Bone char is used in most of the larger sugar refineries in the United 
States and accounts for approximately 69 percent of all American sugar 
refining. Bone char is effective in the removal of both inorganic 
materials (ash) and organic impurities (colorants), and the resulting 
char wash waters have high concentrations of both ash and colorants. 
Since the subsequent chau: kiln does not affect the ash content in the 
char, and since ash buildup in the char leads to decreased char effi¬ 
ciency, considerable attention is given by refiners to the char washing 
operation. The basic philosophy is that it is better to use too much 
water than not enough. 

As mentioned in Section III, the first portion of the char wash water is 
recycled for sucrose recovery. The limiting factors on the amount of 
char wash recycled are: (1) sucrose concentrations in the wash water 
decrease with washing time and eventually reach the point where recovery 
is impractical: and (2) Ash concentrations in the wash water increase as 
the sucrose concentrations decrease. 

The spent char wash waters have BOD^ concentraticms ranging from 500 to 
2,000 mg/1 and dissolved solids concentrations ranging from 1,000 to 
3,000 mg/1 (see Tables 12 and 13). The BOD^ loading from bone char 
washing is between 0.15 and 1.7 kilograms per metric ton (0.3 and 3.4 
pounds per ton) of raw sugar melted. 

Ion-exchange is an effective remover of color as well as ash and is 
utilized as the decclorization medium in liquid and combination liquid- 
crystalline refineries. TTie waste characteristics resulting from the 
regeneration of an ion-exchange bed are greatly dependent on the 
particular use of that bed. lon-’exchange is often used in combination 
with carbon columns, and in these cases the usual practice is to remove 
organics with the carbon coluoin and then use ion-exchange as a final 
polishing to remove inorganics. The inorganics of concern include 
anions as %#ell as cations; for such removal, a "monobed* consisting of 
both cationic and anionic exchangers is often used. The catiqn- 
exchanger can also be used as a polishing step. Most of the organic 
material found in the sugar liquor is anionic, so that a strongly acidic 
anion-exchanger (cationic resin) can be used to remove color. 
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Regeneration of ion>exchange beds usually results in a higher volume of 
non-recoverable water than those from carbon columns and bone char. If 
the ion-exchange bed is used primarily as an organic color remover 
rather than as a final polishing and inorganic remover, the wash waters 
have higher concentrations of organic carbon and correspondingly higher 
BOD^ concentrations. The BOO^ loading from a liquid refinery using 
carbon columns for organic color removal as well as for inorganic 
removal is approximately 2.9 kilograms per metric ton (5.8 pounds per 
ton) of melt. No analyses from ion-exchange beds used only for 
inorganic removal have been made, but it appears that the BOD^ loading 
is higher than from bone char and granular carbon and considerably lower 
than from ion-exchautge used for organic carbon removal. 

Granular carbon is strictly an organic carbon remover and is, therefore, 
a color remover. The regeneration of granular carbon requires sweeten¬ 
ing off with water and heating of the carbon to volatilize organic 
material, thereby reactivating the surface. Most of the wash water 
which results from sweetening off a carbon column can be recovered for 
process because of its sucrose content. A certain amount of water is 
usually wasted because of low purity. While very little information on 
the characteristics of this water is available, samples were collected 
from one liquid sugar refinery. In this refinery a flow of 0.08 cubic 
meters per metric ton (19.2 gallons per ton) of melt was wasted and the 
resulting BODJg loading was approximately 0.1 kilograms per metric ton 
(0.2 pounds per ton) of melt. 


Miaceileneog? waat e_ Streams 

In addition to the waste water resulting from barometric condensers and 
adsorbent regeneration, there are a number of minor waste streams 
generated in a cane sugar refinery. These include: floor washings, 
filter washings, truck and car washings, aind boiler blowdown. 

The flows associated with these waste streams are highly variable and in 
some cases can be eliminated by reducing the volume of water used. This 
results in a waste stream of higher sucrose concentration which can be 
recycled back into the process. Table 14 indicates characteristics of 
some of the filter wash waters. 

Tables 15 and 16 list waste water characteristics in terms of concen¬ 
trations and loadings from crystalline, liquid, and combination 
crystalline-liquid refineries. It is apparent that in terms of unit 
organic loadings, liquid sugar refineries have higher loadings than do 
crystalline refineries. This is apparently due to the high organic 
levels produced in the waste waters resulting from ion-exchange re¬ 
generation (all of the liquid sugar installations listed use ion- 
exchange as an integral part of their process) and to the extent of 
recrystallization and subsequent remelt practiced by these refineries. 
An extreme example of this is Refinery L-1, which has the highest waste 
loading of all refineries listed. It is impoitant to note that this 
refinery does not remelt sugar (i.e., produces no molasses) and some 
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Characteristic 


Mssii: WOER cwufflcmosncs cr uono swas setineries 


Filter 
Cake Sli 


Tnidc & 
Car Wash 


Boiler 

BlCT>down 


BGD^, rag/1 

735(3 

17/250(1,3 

0(1 

CCD, mg/l 

2,120(3 

40,300(1,3 

0(1 

TS, mg/l 

3,880(3 

6/530(1,3 

2,110(1 

DS, mg/l 

1/430(3 

6/480(1,3 

2,020(1 

TSS, mg/l 

2/360(3 

50(1,3 

90(1 

pH 

6.3(3 

7.2(1,3 

5.7(1 

NH2 -N, mg/l 

0.32(3 

3.04(1,3 

0(1 

KN, mg/l 

12.2 (3 

0.49(1,3 

0(1 

mg/l 

75.8 (3 

1.80(1 

0(1 

■n*/ mg/l 






0.60(3 

2(3 

'^'otal Coliform 




per 100 ml 






240(1 

0(1 

Fecal Coliform 




per 100 ml 


240(1 

0(1 



{2 USCSRA que8tionn£dre 
(3 Internal data 


loadings 

disciiarge streams for the averaoe ^ling water, and total 

refineries, rei^jectively. ^ crystalline and liquid cane sugar 
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impurities that would otherwise be contained in molasses must leave the 
refinery in its waste water. This principle is true to a lesser extent 
for other Uquid and liquid-crystalline refineries that remelt to 
varyinq degrees. Refinery L—3» for example^ does not resielt sugar in 
its primary product line b\it must recrystallise in a side product line 
(refer to Figure 9) to effect recovery of additional sugar and molasses 
by-product. This refinery still produces a BOD^ loading of 3.70 
kilograms per metric ton (7.40 pounds per ton) of raw sugar melted. The 
impact of ion-exchange on the BOO^ loading from a refinery is 
illustrated by the fact that 77 percent of the total BOD^ loading at the 
latter refinery is due to ion—exchange regeneration tiaste water. 

Figures 14 and 15 are illustrations of the estimated flow and loadings 
for the process water and barootetric condenser cooling water« and total 
discharge streams for the average crystalline and liquid cane sugar 
refineries, respectively. 
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Barometric Condanacr 
Cooling Wetor 

BOOB0.44ka/lcfco 
(0 R>/ton) 


Flow: 


38.5 m^/kkg 
(8750 galAofli 


Frooaaa Mfatar 

BOO 5 1.10 kg/lckg (2.20 Ib/ton) 
TSS 2.17 kg/kkg (4.34 IbAonl 


Flow: 


1.86 m^^kg 
(460 gal/ton) 


Flow: 


38.4 m^/kkg 
(9200 gal/ton) 


Oitcharga 

BODg 1.54 kg/kkg (3.08 Ib/ton) 
TSS 2.17 kg/kkg (4.34 Ib/ton) 


Figure 14 

RAW W/VSTE LOADINGS AND WATER USAGE FOR THE 
AVERAGE CRYSTALLINE CANE SUGAR REFINERY 
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Figure 15 

RAW WASTE LOADINGS AND WATER USAGE FOR THE 
AVERAGE LIQUID CANE SUGAR REFINERY 










SECTION VI 

SELECTION OF POLLUTANT PARAMETERS 
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development of populations. Organisms undergo stress at reduced DO 
concentrations that make them less competitive and able to sustain their 
species within the aquatic environment. For example, reduced DO 
concentrations have been shown to interfere with fish population through 
delayed hatching of eggs, reduced size and vigor of embryos, production 
of deformities in young, interference with food digestion, acceleration 
of blood clotting, decreased tolerance to certain toxicants, reduced 
food efficiency and growth rate, and reduced maximum sustained swimming 
speed. Fish food organisms are likewise affected adversely by 
conditions of suppressed DO. Since all aerobic aquatic organisms need a 
certain amount of oxygen, the consequences of total lack of dissolved 
oxygen due to a high BOD can kill all inhabitants of the affected area. 

If a high BOD is present, the quality of the water is usually visually 
degraded by the presence of decomposing materials and algae blooms due 
to the uptake of degraded materials that form the foodstuffs of the 
algal populations. 

BOD is a particularly applicable parameter for the sugar industry since 
sucrose is highly biodegradable. It is significant also to ground water 
pollution control in that it is possible for biodegradable organics to 
seep into ground water from earthen settling or impoundage basins. The 
primary disadvantage of the BOD test is the time period required for 
analysis (five days is normal) and the considerable amount of care which 
must be taken in order to obtain valid results. 

Typical BOD^ levels in both crystalline and liquid cane sugar refining 
are quite high, ranging from several hundred to several thousand mg/1 
for certain waste streams. Discharge of such wastes to surface waters 
can result in oxygen depletion and damage to aquatic life. 

Igtal ,?qSBeD^etf..§2Ua8 

Suspended solids include both organic and inorganic materials. The 
inorganic components include sand, silt, and clay. The organic fraction 
includes such materials as grease, oil, tar, animal and vegetable fats, 
various fibers, sawdust, hair, and various materials from sewers. 

These solids may settle out rapidly and bottom deposits are often a 
mixture of both organic and inorganic solids. They adversely affect 
fisheries by covering the bottom of the stream or lake with a blanket of 
material that destroys the fish->food bottom fauna or the spawning ground 
of fish. Deposits containing organic materials may deplete bottom 
oxygen supplies and produce hydrogen sulfide, carbon dioxide, methane, 
and other noxious gases. 

In raw water sources for domestic use. State and Regional agencies 
generally specify that suspended solids in streams shall not be present 
in sufficient concentration to be objectionable cr to interfere with 
normal treatment processes. Suspended solids in water may interfere 
with many industrial processes, and cause foaming in boilers, or 
encrustations on equipment exposed to water, especially as the 
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I 2 fi. The term pH is a logarithmic expression of the concentration of 
hydrogen ions. At a pH of 7, the hydrogen and hydroxyl ion 
concentrations are essentially equal and the water is neutral. pH 
values lower than 7 indicate acidity while values higher than 7 indicate 
alkalinity. The relationship between pH and acidity or alkalinity is 
not necessarily linear or direct. 

Waters with a pH below 6.0 are corrosive to water works structures, 
distribution lines, and household plumbing fixtures and can thus add 
such constituents to drinking water as iron, copper, zinc, cadmium and 
lead. The hydrogen ion concentration can affect the "taste* of the 
water. At a low pH water t:.stes "sour". The bacterial effect of 
chlorine is weakened as the pH increases, and it is advantageous to keep 
the pH close to 7, This is very significant for providing safe drinking 
water. 

Extremes of pH or rapid pH changes can exert stress conditions or kill 
aquatic life outright. Dead fish, associated algal blooms, and foul 
stenches are aesthetic liabilities of any waterway. Even moderate 
changes from "acceptable" criteria limits of pH are deleterious to some 
species. Ttie relative toxicity to aquatic life of many materials is 
increased by changes in the water pH. Metalocyanide complexes can 
increase a thousand-fold in toxicity with a drop of 1.5 pH units. The 
availability of many nutrient substances varies with the alkalinity and 
acidity. Ammonia la more lethal with a higher pH. 

The lacrimal fluid of the human eye has a pH of approximately 7.0 and a 
deviation of 0.1 pH unit from the norm may result in eye irritation for 
the swimmer. Appreciable irritation will cause severe pain. 

ADDITIONAL PARAMETERS 

Chemical_Qjfyqen Demand 

Under the proper conditions, the chemical oxygen demand (COD) test can 
'be used as an alternative to the BOO test. The COD test is widely used 
as a means of measuring the total amount of oxygen required for 
oxidation of organics to carbon dioxide and water by the action of a 
strong oxidizing agent under acidic conditions. It differs from the BOD 
test in that it is independent of biological aasimilability. The major 
disadvantage of the COO test is that it does not distinguish between 
biologically active and inert organics. The major advantage is that it 
can be conducted in a short period of time, or continuously in automatic 
analyzers. In many instances, COD data can be correlated to BOD data 
and the COD test can then be used as a substitute for the BOD test. 

Considerable difficulties occur with the CQD test in the oresence of 
chlorides, and it must be noted that barometric condenser cooling wacer 
in a number of refineries consists of brackish water. 

No definitive relationship between BOD (5-day) and COD can be 
established at the present time. Therefore, it is concluded that 
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Predominant algal species change, primary production is decreased, and 
bottom associated organisms may be depleted or altered drastically in 
numbers and distribution. Increased water temperatures may cause 
aquatic plant nuisances when other environmental factors are favorable. 

Synergistic actlms of pollutants are more severe at higher water 
temperatures. Given amounts of domestic sewage, refinery wastes, oils, 
tars, insecticides, detergents, and fertilizers more rapidly deplete 
oxygen in water at higher temperatures, and the respective toxicities 
are likewise increased. 

When water temperature increases, the predominant algal species may 
change from diatoms to green algae, and finally at high temperatures to 
blue-green algae, because of species temperature preferentials. Blue- 
green algae can cause serious odor problems. The number and 
distribution of benthic organisms decreases as water temperatures 
increase above 99«F, which is close to the tolerance limit for the 
population. This could seriously affect certain fish that depend on 
tenthie organisms as a food source. 

The effect of fish being attracted to heated water in winter months may 
be considerable, due to fish mortalities that may result %#hen the fish 
return to the cooler water. 


Rising temperatures stimulate the decomposition of sludge, the formation 
of sludge gas, the multiplication of saprophytic bacteria and fungi 
(particularly in the presence of organic wastes), and the consumption of 
oxygen by putrefactive processes, thus affecting the aesthetic value of 
a water source. 

In general, marine water temperatures do not change as rapidly or range 
as Widely as those of freshwaters. Marine and estuarine fishes, 
therefore, are less tolerant of temperature variation. Although this 
limited tolerance is greater in estuarine than in open water marine 
species, temperature changes are more important to those fishes in 
estuaries and bays than to those in open marine areas, because of the 
nursery and replenishment functions of the estuary that can be adversely 
affected by extreme temperature changes. 

The temperatures of waste waters discharged from cane sugar refineries 
can present a problem in the case of barometric condenser cooling water 
and other miscellaneous cooling waters. These streams are normally 
discharged at temperatures in the range of 16® to 43®C (60® to 110®F), 
but may in some instances be as high as 63®C (145®F) . The discharge of 
these heated waters, with inadequate dilution, may result in serious 
consequences to aquatic environments. 
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recommended that water containing more than 10 mg/1 of nitrate nitrogen 
(N0^-*N) should not be used for infants. 

Nitrates are also harmful in fermentation processes and can cause 
disagreeable tastes in beer. 


From the limited data available with regard to this 

(N03-N) concentrations of 4.4 to 9.5 mg/1 occur in barometric conden 
cooling water and of 0 to 4.33 mg/1 occur in the total raw effluent from 
cane sugar refineries. 

Phosphorus . During the past 30 years, a formidable case has 
for the belief that increasing standing crops of aquatic plant growths, 
which often interfere with water uses and are nuisances to Mn, 
frequently are caused by increasing supplies of phosphor^. Such 
^enomena^are associated with a condition of accelerated eutrophication 
Sr aging of waters. It is generally recognised ^at phosphorus is not 
the sole cause of eutrophication, but there is evidence to substantiate 
that it is frequently the key element of all of the elements required by 
fresh water plants and is generally present in the least amount relative 
to need. Therefore, an increase in phosphorus allows use of other, 
already present, nutrients for plant growth. 


When a plant population is stimulated in production 

nuisance status, a large number of associated liabilities are 
immediately apparent. Dense populations of pond weeds make swimming 
dangerous. Boating, water skiing, and sometimes fishing may be 
impossible because of the mass of vegetation that serves as a Physical 
impediment to such activities. Plant populations have been associated 
wi^ stunted fish populations and with poor fishing. Plant nuisances 
emit vile stenches, impart tastes and odors to water supplies, reduce 
the efficiency of industrial and municipal water treatment, impair 
aesthetic beauty, reduce or restrict resort trade, lower waterfront 
property values, cause skin rashes to man during water contact and serve 
as a desired substrate and breeding ground for flies. 


Phoshphorus in the elemental form is particularly toxic, and f^hject to 
bioaccumulation in much the same way as mercury. Colloidal elemental 
phosphorus will poison marine fish (causing skin tissue breakdown and 
discoloration). Also, phosphorus is capable of being concentrated and 
will accumulate in organs and soft tissues. 


Experiments have shown that marine fish will concentrate phosphorus from 
water containing as little as 1 ug/1. 

From the limited amount of data available with regard to this ^rameter, 
total phosphorus concentrations of 0-2.9 mg/1 occur in barometric 
condenser cooling water and of 0-2.8 mg/1 occur in the total raw 
effluent from cane sugar refineries. 
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In natural waters the dissolved solids consist mainly of carbonates, 
chlorides, sulfates, phosphates, and possibly nitrates of calcium, 
magnesium, sodium, and potassium, with traces of iron, manganese and 
other substances. In cane sugar refinery effluents, dissolved solids 
are more often organic in nature, originating from sucrose. 

Many communities in the United States and in other countries use water 
supplies containing 2000 to 4000 mg/1 of dissolved salts, when no better 
available. Such waters are not palatable, may not quench 
thirst, and may have a laxative action on new users. Waters containing 
more than 4000 mg/1 of total salts are generally considered unfit for 
human use in temperate climates, although in hot climates such higher 
salt concentrations can be tolerated. Waters containing 5000 mg/1 or 
more are reported to be bitter and act as bladder and intestinal 
It is generally agreed that the salt concentration of good, 
palatable water should not exceed 500 mg/1. 

Limiting concentrations of dissolved solids for fresh-water fish may 
range from 5,000 to 10,000 mg/1, according to species and prior 
acclimation. Some fish are adapted to living in more saline waters, and 
a few species of fresh—water forms have been found in natural waters 
with salt concentrations ranging from 15,000 to 20,000 mg/1. Fish can 
slowly become acclimated to higher salinities, but fish in waters of low 
salinity cannot survive sudden exposure to high salinities, such as 
those resulting from discharges of oil-well brines. Dissolved solids 
may influence the toxicity of heavy metals and organic compounds to fish 
and other aquatic life, primarily because of the antagonistic effect of 
hardness on metals. 

Waters with total dissolved solids over 500 mg/1 have decreasing utility 
j-J^rigation water. At 5,000 mg/1 water has little or no value for 
irrigation. 

Dissolved solids in industrial waters can cause foaming in boilers and 
cause interference with cleanliness, color, or taste of many finished 
products. High contents of dissolved solids also tend to accelerate 
corrosion. 

Specific conductance is a measure of the capacity of the ions present in 
solution to convey an electric current. This property is related to the 
total concentration of ionized substances in water and to water 
temperature. This property is frequently used as a substitute method of 
quickly estimating the dissolved solids concentration. 

Total dissolved solids may reach levels of 1,000 milligrams per liter in 
certain refinery waste water streams. In once-through barometric 
condenser cooling water, where entrained sucrose contributes dissolved 
solids, the concentration is typically 20 milligrams per liter. Where 
land impoundage of waste waters is employed, the dissolved solids 
concentration in seepage may considerably cucceed raw waste water values. 
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Analysis for sucrose content is important in process control as an 
cator of sugar loss. The two common tests used are the alphanapthol and 
resorcinol methods. Neither of these methods provides high accuracy at 
low sucrose concentrations, but each may serve a useful purpose by 
indicating slug loads of sugar and thus provide a danger signal for 
improper operation of evaporators or vacuum pans, or for spills of sugar 
or molasses. Due to the inaccuracy of the test at low levels and to the 
fact that sugar content is also measured by BOD, the sugar analysis is 
not an adequate parameter for guidelines establishment. 
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SECTION VII 

CONTROL AND TREATMENT TECHNOLOGY 

of water, prevention of^ sScJose entJSnMnt°"in°^h 

cooling water, recovery of swLt CaJfr^r ? barometric condenser 

and disposal of process water to municipal'sewS'^ysSms^*"*^ retention) , 

treatment and disposal^ systems handled by end-of-line 

oarometric conde^er coolino^Ite^^Skfo higher volume of 
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stantial amounts of untrLted refineries release sub- 

all but five rSLieriea^di^S,-«f K “^^ers to receiving streams while 
surface wat« <^i«‘=harge barometric condenser cooling water^ to 


IN-PLANT TECHNOLOGY 


in- plant 

INDUSTRY 
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operational and design character!control refers to the 
on total waste management. Specific their impact 
conservation, housekeeping techniaues utilization and 
factors that affect waste and any operational or design 
portion of in-plant control is for . quality, a primary 
is an extension of historical efforts sugar loss and thus 
in waste water represents lost ^ ^be refiner the loss of sugar 
organic poir^tl^?! S^he^ ^J^ironmentalist it is ^n 
facilitation of dry-handling techniaues control include the 
maximum recovery and reuse of vsriona' sludges and filter cakes, 
housekeeping practices. !Ous process streams, and improved 

taraf « r.£i„.ri.3 by 
receiving ere. offers 'an the raw sugar at the 
periodic washdown of the receiSiL^rei! spillage, and the 
with a high sugar content, in on*» * variable waste stream 
belts were routinely washed down visited, raw sugar conveyor 
allowed to floC inJf’J'^ «>‘9ar solutions wire 
indeterminable amount of BOD^. body, carrying with them an 

«tnn2-*fi"oS2^«,K“22L“X^i«''J;;9e in^tbe receiving area to soae 
fineries is to recover as mucn practice m some re- 
then discharge subse^:ent rins^^^^teTJJ iLteTTilniL^ ITtl^A^Vt 
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■uaar loss prevention through equipment modificeticm improved 

th. io.. of ».,« «a it. ...ultln, 

pollutant load from the ram sugar receiving area. 


Truck AOd 


The tank trucks and rail tanlc cars that transport 


lT5SId ^ 3 iar"iSd"ia^ble‘ 8 yru 5 Tm«t’be mainUimd undsr sanitary con- 


car 

dedlble syrup* musv -- ~ t\z j 

ditions. This normally involves cleaning of 
MiLmr after each use. The first fem minutes of washing produces a 
water that is of sufficient sucrose concentration to economical 

for ^oSMing. Th. .ucroM eonc«itr.tion In tb. ».«■ «t.r 
JJHuSt .f?« thr£lr.t f«. idnnt.. 1. oon.id.t.a by «o.t r.fin.r. to 
h. too low for r.cov.ry Mid i. w..t.d. Thl. .tr«.« cmi b. ninlnitod by 
£2.iiSlirriS4J“ Sit in Miy .vMit th. «r.« 1. .nail in volun. .nd 
a minor contribution to total process wste water flow. 

rioor Wash. Since any bacteriological contamination to the raw sugar 
SilSI prtS to i«ior.tiin i. .li.dn.t«l by .v.por.tion, th. rjcow.ry of 
SiSSStially .11 flSot w..h drUn. .. ~~t w.t« i. pclble .nd i. 
practiced in some refineries. 


Barometris Condenser 

- -ators ir 


The development of calandria-type 

tSSSSTiS. ;a ' ;;i g5r.tor. m U.. .ug.t indu.try »«• 

rates but at the same time the possibility of sucrose 

entiiSment lA the barometric 

sucrose entrainment represents an economic loss i®,^*** 

as an organic pollutant load to the environment in t^ 

effluent. ^All sugar refineries employ some means to reduce entrainment, 

with the motive in the past being primarily an economic one. 

Entrainment is a result of liquid 

vapors in evaporators and vacuum pans. There are three important rac- 
tort which affect the efficiency of entrainment control: 

(1) Height of the vapor belt (vapor height) 

(2) Operation and maintenance 

(3) Liquid-vapor separation devices 

one of the most important factors in determining Uquid c*rryov^ is the 

height the liquid bubbles must rise before entering the 

vilScitv «ea of the discharge tube. If the height of the vapor belt is 

of sufficient magnitude, most li^d SjS^r^SfSe 

hrtilina liauor du# to gravity and b€ rawovad fro* tha vapor Dai 

exiting tha evaporator or vacuua pan. It has bean found fr« 

♦•hst the vapor height should be at least 250 percent of the height of 

the calandria tubes to minimise entrainment. Vapor heig^s 

sugar refining industry have been generally found to be more ade^ate 

thJn those inlaw sugar fact^ies. However, i! 

are insufficient, they can be increased by 

existing equipment. This has been done in several cases for the pi^se 
of indasing evaporation capacity, but entrainment reduction has been a 

secondary result. 
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f 


81 


a-339 3195 









drop across the filter increases to an vinacceptable value or when the 
filter efficiency drops, the filter cake is removed. The desweetened 
cake is semi-dry (about 50 percent moisture) and may be handled in that 
form or it may be slurried for pumping. In the dry form it is normally 
conveyed to trucks which in turn transport the material to landfill or 
other land disposal. In the slurried form it may be pumped to 
impoundage or to a municipal treatment system. A major portion of the 
cake can be recovered in a kiln by revivification of the filter aid. An 
existing system for filter cake recycle and land disposal is illustrated 
in Figure 17. In this system approximately 80 percent of the cake is 
conveyed to a multiple hearth kiln where the cake is heated to about 
816®C (l,500®r). Revivified filter aid is discharged from the kiln, 
pulverized, and returned to the filtration step of the refining process. 
Makeup filter aid is added to the system as required. The installation 
of a continuous carbonation process for lime mud slurry, to make it 
suitable for vacuum filtration and remc.al of sugar by washing, is 
reported by one refinery to have reduced total settleable solids by 96 
percent and BOD^ by 20 percent. 

Adsorben t Regeneration . ' In-plant modifications for the reduction of 
waste waters resulting from the regeneration of bone char, carbon 
columns, and ion-exchange resins are practically non-existent, although 
there are some minor, mainly operational, modifications to reduce waste 
water loads which include: 

(1) Recovery of waste waters with lower sucrose 
concentrations, i.e., recovery of a greater 
portion of spent char wash water, 

(2) Reduction in the volume of wash water used 
to sweeten off bone char and carbon columns, 
and greater dependence on volatilization of 
organics, 

(3) Elimination or reduction in the use of ion- 
exchange as an organic color remover. 

These modifications are merely proposals and the implications of their 
adaptation are not fully known; research on this subject is needed. At 
present, control amd treatment of these wastes is restricted to end-of- 
line treatment. 


WASTE TREATMENT TECHNOLOGY 

TREATMENT AND DISPOSAL TECHNOLOGY CyBBENTLY AVAILABLE Xfi XM£ CAME SVQ&B 

Bitcimag iBoysiBY 

The following is a discussion of various end-of-pipe treax:ment 
technologies available to the cane sugar refining segment of the cane 
sugar processing industry. These technologies range from prelioiinary 
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FILTER CAKE RECYCLE SYSTEM 



treatment systems to advanced waste treatment systems and systems of 
ultimate disposal. 


Prslisipaiy Igea^ent syet^sme 

F ^QW Equalization Tanks . Flow equalization facilities consist of a 
holding tank and pumping equipment designed to reduce the fluctuations 
in flow of waste effluent streams. They can be economically 
advantageous whether a processing plant is treating wastes or 
discharging into a city setrer after some pretreatment. The equalizing 
tank stores waste water either for recycle or to feed the flow uniformly 
to treatment facilities throughout a 24-hour period. 

Sedimentati on. Sedimentation without prior chemical addition may prove 
to be an effective means of solids removal. This can serve the purpose 
of reducing the solids loading on another part of the treatment system. 

If settling tanks rather than lagoons are used, the settled solids must 
be collected and withdraw from the bottom of the tank. Solids may be 
continuously collected and withdrawn by the utilization of mechanical i 

scrapers which move slowly along the bottom of the settling tank. j 

Chemical Treatment j 

pH Adipstment . Acids and caustics are used to remove scale deposits | 

from evaporators and vacuum p^ms. Lime or phosphoric acid may be added i 

to aid in the clarification of screened melt liquor. Biological systems 
function at‘their optimum when the pH is neutral (7.0), but will operate 
effectively within the pH range of 6.0 - 9.0. When necessary, the pH 
may be adjusted, with the proper addition of acid or base, to within 
these limits; this assures the proper environment for the active biota. 

Chlorinatipfi . Chlorination is used for odor control and also in 
municipal water treatment as a disinfectant. Chlorine is available in 
granular, powdered, or liquid form. Adding chlorination to a treatment 
process presents the need to construct chlorine handling facilities 
1 consisting of storage, phase conversion, mixing, and effluent detention 

facilities. Since chlorine is a hazardous substance, special safety 
precautions in storage and handling axe required. Dose rates for 
» chlorine for domestic sewage are usually in the range of 3 to 15 peurts 

I per million with detention times of up to one hour in duration. Dosage 

should be high enough to provide a chlorine residual in the effluent to 
I assure protection against pathogenic bacteria. I 

i 

Chlorination is used to inhibit algae growth. This is of special 
importance for correcting one type of bulking sludge problem in some 
activated sludge plants. 

Chlorination may also be used for disinfection and to oxidize residual 
organic material. It is practiced on treated waste waters to a limited 
degree. This practice can be expected to become common in order to 
permit the recycle of highly purified waters. 
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mechanical means, mixes tne *h« 4 r- metabolism. The 

SEFii s:» sui 

Scr^iganiiJS JJd the efficiency of the system to remove 800^. 

•si''n;Si;ffi ‘^rnS^uJirior" 

5srwnroJjar»nSti“oSVs^^^^^ 

FFd^4E ‘jr:F.rjiui:iS"’.Sd'^SL;"sr;b.'?siS2:tio s: 

•IE?? S^th^bn!? iJtlJaied 

sludge process. 

mv,. rtf theae olants is to produce an actively oxidising microbial 

™o„l«ioS ShlSh im i*.o iioduc. ■. d«... «biofloe- «itb 

EirFsEf “biinr- ir-E-Stj-iiis-ySr;' usye-sSobr.? 

populations do not always form the best floes. 

irmi!fr*is^*t;r^"n.“fiii!riSintfd\ruS^^^ 

“ir^raii:riojro2:.« 

in extended aeration is one to three days, rather than the six 
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detention time common to conventionel activated oXuvige ayeteme. Durlna 
this polonged contact between the sludge and raw wastes, t,iere is ample 
time for organic matter to be adsorbed by the sludge ajin ai«o for the 
organisms to metabolite the removal of orgar 4 lc iw.ter which has been 
built Uir» into the protoplasm of the organism. Hence, in addition to 
high organic removals from the waste waters, substantial decomposition 
of the organic matter of the microorganisms into stable products may 
occur and consequently less sludge will have to be handled. 

In extended aeration, as in the convintional activated sludge process, 
it is necesMry to have a final sedimentation tank. Some of the solids 
resulting frem extended aeration axe rather finely divided and settle 
slowly, therefore requiring a longer period of settling. 

Activated sludge in its various forms is an attractive alternative for 
the treatment of cane sugar refining waste waters. Conventional design 
criteria are not directly transferable from municipal treatment 
applications. However, high levels of treatment efficiency are possible 
at the design loadings normally employad in treating other types of high 
strength organic wastes. 

Within other industrial point source categories, such as the fruit and 
vegetable processing industry, activated sludge treatment plants are 
capable of removing 95 percent or better of the influent EOD5 based upon 
proper nutrient edition, design, and operation. The general experience 
that biological solids separation problems can be avoided if 
the dissolved oxygen concentration remains above zpro throughout the 
aeration basin, ix strong, highly concentrated waste releases are 
minimized through proper management practices, and if sufficient amounts 
of nitrogen are present to maintain a critical nitrogen'-to-BOO^ ratio. 

Activated sludge systems require less room than other high reduction 
biological systems, but have higher capital and operating costs, it is 
that properly designed and operated systems are capable of treating 
cane sugar refining waste waters to achieve high re:uctlons of BOD. 

Xl£^gM4na rilti;ation|. The purpose of the 
biotiiter system is to change soluble organic wastes into insoluble 
organic matter primarily in the form of bacteria and other 
organisms. the filter operates, portions of the biological gr^h 

slough off and are disch£u:ged as hurntt's with the filter effluent, 
usually, soote i^ysical removal system is required to separate this 
insoli^le organic material which can be treated by other suitable 
methods, usually anaerobic fermentation in a sludge digestor. 

Trickling filters are usually constructed as circular beds of varying 
depths containing crushed stone, slag, or similar hard insoluble 
materials. Liquid wastes are distributed over this bed at a constant 
rate wd allowed to "trickle" over the filter stones. Heavy biological 

eurface of the filter "media" throughout the 
depth of the filter and also within the interstitial spaces. 
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fauna of * i and ^adult forms of worms (Oligochaeta) , 

in8ett.s^”^Diptera and Coleoptera among others), and spiders and mites 
(Arachnida) . 

prevented by chlorinating the influent or by periodically flooding the 
filter. 

T, > 4 -^.. 1 >«■<<-kn nf waAt-« water flows through biological treatment units is 
SfMn used to distribute the load ot ‘”'??tter KDS^renoJal 

UfitUily fa* alffctfd ‘br^^'-ure^faf‘fb. 'i^*iIcuS?l^'*Ste 

Trickling filters perform better in warmer weather th^ in col 
weather.^ Recirculation of effluent increases BOD^ removal * 

well as keeping reaction type rotary distributers moving, the filter 
”dL .Sn, organic lojKngs telatiuely conawnt and in^easing 
contact time with the biological mass growing on the filter media. 

rurrhermore. recirculation improves distribution, equalizes effluent 
flow rates obstructs entry and egress of flies, freshens incoming and 
levied ^Ue 2a?e«rreduce^ the chilling of filters, and reduces the 
variation in time of passage through the secondary sedimentation unit. 

Trickling filter BuDJ removal efficiency is i'^^ersely proportional to 
the MDS^surface loading rate; that is, the lower the BOD^ applied per 
surface area, the higher the removal efficiency. 

rtd-hAr Aerobic Processes. Aerated lagoons use either fixed mech^ical 
tS?bine^wi^er atSn floating propellor-type «erators, or a <aiffused 
air svstem^^or supplying oxygen to the waste wat.er. Aerated lagoons can 
rapidly add dissolved oxygen to convert anaerobic waste waters to an 
Lrobic state, providing additional BOD^ reduction, and rebuff« * 

relatively siall amount of land. The system thus approaches ronditions 
Similar i.1 nature to extended aeration without the recycle of sludge. 

Disadvantages of this system are the high power requirements and ^e 
small reductions in suspended solids attained. Aerated l^^oons 
generally do not reduce BOD^ and suspended solids adequately to be used 
as the ^final stage of a high performance biological treatment system. 
Aerated lagoons usually act as the final stage of secondary treatment 
and are followed by aerobic lagoons which capture suspended solid;? and 
afford further BOD^ reduction. 

Aerobic ponds are large surface area, sallow ^AerSbi^ 

detention times; thus, they require large areas of 

lagoons serve a three-fold function in waste reduction: they allow 
solids to settle out, equalize and control flow, and permit the 
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stabilization of organic matter by aerobic and facultative 
microorganisma and also by algae. 


'^Igae growth is common in aerobic lagoons and represents a drawback when 
troblc lagoons are used for final treatment. In that algae may escape 
the receiving waters. Algae in the lagoon, however, play an 
ii rtant role in stabilization. They utilize CO^. sulfates, nitrates, 
phosphates, water, and sunlight to synthesize their own organic cellular 
matter and give off free oxygen. The oxygen may then be used by other 
microorganisms for their metabolic processes. However, when algae die 
they release their organic matter in the lagoon, causing a secondary 
loading. 

Advantages of aerobic lagoons are that they reduce suspended solids, 
oxidise organic matter, and permit flow control and waste water storage. 
Disadvantages are the lau'ge amounts of land required, the algae growth 
problem, and odor problems. 

Aerobic lagoons usually are the last stage in secondary treatment and 
frequently follow anaerobic or aerated lagoons. Large aerobic lagoons 
allow plants to store waste water discharges during periods of high flow 
or to store for irrigation. These lagoons are particularly popular in 
rural areas where land is available and relatively Inexpensive. 

Anaerobic t, ocatpses . Anaerobic or facultative microorganisms, which 
function in the absence of dissolved oxygen, break down organic wastes 
to intermediates such as organic acids and alcohols. Methane bacteria 
then convert the intermediates primarily to carbon dioxide and mechane. 
and where sulfur compounds are present, to hydrogen sulfide. Anaerobic 
processes are economical because they provide high overall removal of 
BOD^ and suspended solids with no power cost (other than puaq>ing) and 
with low land requirements. two types of anaerobic processes are 
possible: anaerobic lagoons and anaerobic contact systems. 

Anaerobic lagoons may be used as the first step in secondary treatment. 
These are relatively deep, low surface area systems, with several days 
of detention time. 

Plastic covers of nylon-reinforced Hypalon. polyvinyl chloride, and 
styrofoam can be used to retard heat loss, to ensure anaerobic 
conditions, and to retain obnoxious odors. Properly installed covers 
provide a convenient method for collection of methane gas. 

Influent waste water flow should be near, but not on. the bottom of the 
lagoon. In some installations, sludge is recycled to ensure adequate 
anaerobic seed for the influent. The effluent discharge point should be 

located to prevent short-circulating of the Influent stream and to 

prevent carry-over of the scum layer. 

Advantages of an anaerobic lagoon system are initial low cost, ease of 

operation, and the ability to handle shock waste loads and yet continue 

to provide a consistent quality effluent. The major disadvantage of an 
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anaerobic lagoon Is potential odor problems although odors are not 
usually a serious problem at well managed lagoons. 

An<ieroblc lagoons used as the first stage In secondary treatment are 
usually followed by eeroblc lagoons. Placing a small, mechanically 
aerated lagoon between the anaerobic and aerobic lagoons Is another 
alternative. 

The anaerobic contact system requires far more equipment for operation 
than do anaerobic lagoons, and consequently Is not as coounonly used. 
The equipment consists of equalization tanks, digesters with mixing 
equipment, air or vacuum gas stripping units, and sedimentation tanks 
(clarifiers). Equalized waste water flow is introduced Into a mixed 
digester where anaerobic decomposition takes place; detention times of 
three to twelve hours are common. After gas stripping, the digester 
effluent Is clarified and the sludge partially recycled. 

Advantages of the anaerobic contact system are: high organic waste load 
reduction in a relatively short time, production and collection of 
methane gas that can be used to maintain a high temperature in the 
digester and also to provide auxilary heat and power, good effluent 
stability even at times of waste load shocks, and application In areas 
where anaerobic lagoons cannot be used because of odor or soil 
conditions. Disadvantages of anaerobic contractors are the high initial 
and maintenance costs and the potential of odor emissions from the 
clarifiers. 

• 

Advanced Treatment Systems 

A discussion of advanced treatment methods Is presented; these methods 
provide a means of further polishing the effluent from the biological 
treatment systems previously described. While an Individual technology 
discussed may not of Itself constitute a complete process, upon its 
addition to a treatment system it would become part of a complete 
treatment process. 

Carbon Adsorption . The reduction of tastes and odors in water supplies 
by adsorption of the offending substances on activated carbon Is 
probably the most Important direct use of adsorption technology used in 
water treatment. Columns or beds of granular activated carbon are 
employed for concentrating organic pollutants from water for purposes of 
anlysis or for removal of the pollutants. 

The fixed bed or countercurrent operation Is the most effective and 
efficient way of using activated carbon. The Influent coaies into 
contact with the adsorbent along a gradient of mounting residual 
activity providing that the most active carbon gives a final polish to 
the effluent stream. 

Partial regeneration of carbon by thermal volatilization or steam 
distillation of organic adsorbates Is possible, but available 
regeneration procedures will have to be Improved or new ones Invented if 
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adsorption is to become a widely useful on*rA«-'inn i.. ^ 

However, cane sugar refineries use * water treatment. 

SrC«2.r fiSr£iUL‘s“"Ldror 

than sand filters, even though they deeper 

biologlSl “e 

diatomaceous earth filtration. * rapid, and (2) 

fine^onihich^dSei^of Mterial 

primarily aa a function of th. removal occurs 
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concentration, wry !o,! ’ 1“ality with B0B5 and scpended solids 
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relatively low construction cost due to^lSi*land^?ii filters have a 
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- inimifed or eliminated by proper ’'desigA '*Sa?| 
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filters are well noted for their efficient removal of bacteria, color, 
turbidity, emd large microorganisms. 

Oiatomaceous earth filters have found use as: (1) mobile units for 
water purification and (2) stationary units for swimming pools and 
general water supplies. skeletons of diatoms oilned from deposits 
compose the dlatomaceous earth. The filter medium is a layer of 
dlatomaceous earth built upon a porous septum. The resulting pre-coat 
is supported by the septum, which serves also as a drainage system. 
Water is strained through the pre-coat unless the applied water contains 
so much turbidity that the unit will maintain itself only if additional 
dlatomaceous earth, called body feed, is introduced into the incoming 
water to preserve the open texture of the layer. There are few known 
applications as yet in the food processing field. 

Microscreeninc . Microsreening has been a viable solids-removal process 
for piany years. A oilcrosreen consists of a rotating drum with a screen 
or fabric constituting the periphery. Feed%iater enters the drum 
internally and passes radially through the screen with the concomitant 
deposition of solids on the inner surface of the screen. At the top of 
the drum, jets of water are directed onto the screen to remove deposited 
solids. This backwash stream of dislodged solids and washwater is 
captured in a receiving hopper inside the drum and flows out through the 
hollow axle of the unit. In order to reduce slime growths on the 
screen, an ultraviolet lamp is continually operated in close proximity 
to the screen. The driving force for the system is the head 
differential between the inside and outside o* the screen. As solids 
are removed on the screen a mat is formed which improves the solids 
removal efficiency and also results in increased head loss through the 
screen. The maximum head loss is usually limited to 0.15 meters (6 
inches) in order to prevent screen damage. In order to prevent the 
limiting head loss from being exceeded, drum speed and wash water 
pressure are increased. In newer units, automatic controls handle these 
adjustments. 

Individual studies have demonstrated the effects of a number of design, 
maintenance, and operational factors on the performance of 
microscreening units: 

Design: 


Approximately one-half of the applied screen wash water 
penetrates and is removed with the solids-bearing stream. 

The solids-bearing waste stream is usually returned to the main 
treatmoit plant. 

It is desirable to have gravity flow from the clarifier to the 
otlcroscreener to avoid shearing of the more fragile solids. 

Prechlorination should be avoided in order to protect the 
screen. 


3206 


92 


A-350 




cailorlde concentrations exceeding 500 mg/l nay cause corrosion 
problems. 


Kicroscreens do not successfully reniove floe particles resulting 
from coagulation by chemicals such as aluminum sulfate. 

Maintenance: 

— Screens for the pressure washing system may tend to clog due to 
the presence of grease in the effluent. 

Most units require frequent cleaning with a hypochlorite 
solution which entails a few hours of removal from service in 
order to clean the fabric. 

— High iron or manganese concentrations in the feed may 

necessitate an occasional acid wash of the screen to destroy the 
resulting film buildup. 

Operation: 

Minimum drum speeds (consistent with head loss limitations) will 
give the greatest removal of suspended solids. 


Higher pressures are more beneficial with regard to the jet’ 
washing system than greater quantities of water. 

— High solids loadings can cause severe reductions (of up to two> 
thirds of design capacity) in throughput as well as increasing 
acceleration of slime buildup. 

Reverse Osmosis . Osmotic pressure acts as the driving force as water 
molecules pass through a semi-permeable membrane from a dilute to a 
concentrated solution in search oi eqtiilibrium. This natural response 
can be reversed by placing the concentrated solution under hydrostatic 
pressures higher than the osmotic pressure. 

A good deal of experimentation has been carried out in an attempt to 
apply membrane processes including reverse osmosis* ultrafiltration* and 
electrodialysis to the treatment of ii^dustrial waste waters. Reverse 
osmosis has the capability of removing dissolved and suspended materials 
of both organic and inorganic nature from waste streams. However* 
organic-laden streams tend to foul reverse osmosis membranes resulting 
in substantially decreased throughput. 




Fscent developments of the spiral or hollow tube reverse osmosis systems 
permit large membrane areas to be incorporated into a small space* tbuj 
permitting large volumes of water to be treated, ihe use of either the 
spiral or hollow tube system requires that all particles larger than 10 






93 


A-351 3207 




3 



to 20 microns bs rsmovsd from ths Mssts stream bsfors entering the 
reverse osmoels system. 

Disadvantages of the reverse osmosis process are the relatively high 
costs of treatnsnt when applied to large volumes of water# the potential 
of bacterial growth on or near the membrane and Its damaging effect on 
the membrane# and the sensitivity of the reverse osmosis units to both 
alkaline and high temperature fluids. Chlorine can damage the presently 
available membranes; tlMrefore# the chlorination of water cannot occur 
before the reverse osmosis step. 

nitraflltTAtlon . Oltraflltratlon utilises a membrane process similar to 
rsverseosmMls for the removal of contaminants from water. Unlike 
reverse osmosis# ultrafiltration Is not Impsded by osmotic pressure and 
can be effected at low pressure differences. The molecular weight range 
of materials that might be removed by ultrafiltration Is from 500 to 
500#000. This would rsmove such materials as some microorganisms# 
starches# gums# proteins# and clays. Ultrafiltration Is finding 
applications In the food industry In sugar purification# t^ey desalting# 
and fractionation. It can be used as a substitute for thickeners# 
clarifiers# and flocculation In waste water treatment. In addition to 
removal of the above contaminants from waste water# It can also be 
applied to sludge dewatering. 

At the present time# because of high capital and operating costs# this 
system has not found acceptance In the treatment of waste effluents. 

uitiBUt BiaBflgftl Mattel! 

Percolation yid Evfpgratlon Lagoons . The liquid portion of cane sugar 
refining wastes can be "completely" treated In percolation and 
evaporation lagoons. These ponds can be slsed according to the annual 
flow# so that the Inflow plus the Incidentally added water are equal to 
percolation and evaporation losses. There Is# theoretically# no surface 
outflow In the usual sense. 

Biological solids grown in the pond can be a major operating problem. 
The soil Interstices uan become biologically sealed# causing percolation 
rates to be greatly diminished. Unless corrective action Is taken# the 
pond may become largely an evaporation lagoon. To prevent this# annual 
scarification and solids removal might be required. 

There are two major objections to percolatlon->evaporatlon ponds. The 
first Is that under almost any loading conditions the ponds may turn 
septic# with odor problems resulting. Secondly# there Is the potential 
for long-range damage to aquifers# since objectionable and biologically 
resistant organics may be carried Into the groundwater by continuous 
percolation. 

Spray Irrloatlpn . Spray Irrigation Is another method currently utilised 
in the sugar industry for diisposal of waste waters. The design of such 
systems Is rapidly becoming a highly scientific operation. Numerous 
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The amount of waste water reaching groundwater Is variable in quantity 
and rather difficult to predict. In some cases it might be expected 
that no usable groundwater would be involved. Considerable study seems 
to be needed in evaluating this potential problem. 

The following factors must be evaluated in designing a land disposal 
system: 

The site should be relatively level and well covered with 
vegetation. 

— The soil should be light in texture and have a high sand or 
gravel content, some organic matter may be beneficial, but high 
clay content is detrimental. 

^ray testing and soil analysis prior to full-scale irrigation 
is recommended. 

Soil cultivation should be practiced to prevent compaction. 

Ground water levels at the spray site should be at least 10 feet 
below the surface to allow for proper decomposition of the waste 
as well as for more rapid percolation. 

With the proper equipment and controlled application of the waste, spray 
irrigation will completely prevent stxeam pollution, will not create 
odor problems, and is usually less expensive than other methods of waste 
disposal. The amount of land required may not, at present, be reliably 
predetermined. Different cover crops and different types of soil will 
give varying Infiltration rates. 

Ultimate disposal systems may consist of a combination of lagooning and 
land disposal. In this type of system large ponds are constructed to 
receive the waste effluents. If odor becomes a problem because of 
location, sufficient aeration equipment must be provided to reduce or 
eliminate the odor. The waste effluent is removed from the pond or 
lagoon and directed to spray irrigation. 

Soil fertility, crop production, and soil conservation considerations 
must of necessity be used as an ultimate basis for regulating land¬ 
spreading operations if the system is tu remain continuously effective. 

TREATM^MT AND DISPOSAL yECHNQLOGI CUI^tEWTLX EMPLOYED SUGAR 

REFINING ;NDUSyRY 

Waste water treatment and disposal in the cane sugar refining industry 
ranges from essentially no treatment to complete land retention with no 
discharge of waste water to surface waters. Since the early 1950*8 most 
large urban refineries have discharged major process waste streams, such 
as char wash, to municipal sewers. The current standard practice for 
urban refineries, which represent approximately three-fourths of 
American refined came sugar production, is to discharge all waste 
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TABLE 17 


SUMMARY OF WASTE WAFER TREATMENT 
AND DISPOSAL TECHNIQUES OF UNITED STATES 
CANE SUGAR REFINERIES 


\ 


Refinery 

C-1 


C-2 


C-3 


C-4 


C-5 


C-6 


C-7 


C-8 


C-9 


C-10 


Dlapoeal of Waste Waters 

All proceas water to municipal severs; 
barometric condenser cooling water to 
river. Dry haul filter cake after 
regeneration and recycle of filter eld. 

All process water to municipal sewers; 
barometric condenser cooling water to 
river. Dry haul filter cake after 
regeneration and recycle of filter aid. 

All liquid wastes to river. Filter 
slurry to river. 

All process water to municipal sewers; 
barometric condenser cooling water to 
river. Dry haul filter cake after 
regeneration and recycle of filter aid. 

All process water to municipal severs; 
barometric condenser cooling water to 
river. Dry haul filter cake. 

All liquid wastes to river. Dry haul 
filter cake. Future use of municipal 
system Is probable. 

Primary settling of process water; 
overflow discharges tc river. 

All liquid wastes to river. Future 
use of mimlclpal system is probable 
(sewer hook-up Is In-place). Dry haul 
filter cake. 

Most process water to municipal sewers; 
barometric condenser cooling water to 
river. Dry haul filter cake. 

Most process water to municipal sewers; 
barometric condenser cooling water to 
river. Dry haul filter cake. 
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TABLE 17 


SUMMARY OF WASTE WATER TREATMENT 
AND DISPOSAL TEC3INIQDES OF UNITED STATES 
CANE SUGAR REFINERIES 
(OWTINUED) 


Refinery 

C-11 


C-12 


C-13 

C-14 


Dlepoeel of Waete Waters 

Diecherge into a ayamp after traveling 
through a two and a half mile canal. 

Have recently constructed a spray pond. 
Recycle of barometric condenser cooling 
water Is a possibility. 

Total Impou n d me nt of waste water 
resulting In no discharge to navigable 
waters. Have two cooling towers for 
recycle of barometric condenser cooling 
waters; blowdowns are .3 and .7 percent. 

Discharges Into a swamp. 

All process wastes to municipal sewers; 
recycle of barometric condenser cooling 
water through a cooling tower and 
discharge of blowdown to municipal sewers. 
Dry haul filter cake. 


L-1 


L-2 


L-3 


L-4 


L-5 


All liquid wastes to municipal sewers. 
Filter slurry to municipal sewer. 

All process water to municipal sewer; 
barometric condenser cooling water to 
river. Filter slurry to settling, 
dewatering, and dry haul. 

All process water to municipal sewer; 
barometric condenser cooling water to 
river. Filter slurry to sewer. 

Total loipoundmenc of waste waters 
resulting In no discharge to navigable 
waters. Barometric condenser cooling 
water recycled through a spray canal. 
Filter slurry to total Impoundage. 

Barometric condenser cooling water 
recycled through a cooling tower. 
Process water and filter slurry 
discharged with no treatment. 
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TABLE 17 



SUMMARY OF WASTE WATER TREATMENT 
AMD DISPOSAL TECHNIQUES OF UNITED STATES 
CANE SUGAR REFINERIES 
(CONTINUED) 


Refinery 

CL-1 


CL-2 


CF-1 


CF-2 


CF-3 


CF-4 


CF-5 

CF-6 

CF-7 

CF-8 


Dlepoeel of Weete Wetere 


Most process weter to munlclpel sewers; 
beroiaetrlc condenser cooling water to 
river. Filter slurry dewatered end 
dry hauled. 


Most of process wastes to municipal 
sewers: beromatrlc condenser cooling 
water to river. Dry haul filter cake. 

Closed system of canals and holding 
ponds resulting In no discharge to 
navigable waters. Filter slurry to 
total Impoundage. Baromatrlc condenser 
cooling water recycled through a spray 
pond. 

Total Impoundment of ecld/caustlc wastes 
and filter cake slurry; Impoundment 
with overflow of all other waste waters, 
700 acres of lagoons. 


Barometric condenser cooling water passed 
through spray pond (partial recycle, 
75-90X, possible) before discharge; all 
process waters discharge to total Im¬ 
poundage. Filter slurry to total Im¬ 
poundage. 


Barometric condenser cooling Impounded, 
then discharged; all other waters Im¬ 
pounded completely In ponds; cooling 
tower recently built (501 of condenser 
water); recycle possible. Filter 
slurry to total Impoundage. 

Partial Impoundment. 

Partial reuse of waste waters In raw 
sugar factory for cane washing during 
grinding season. 

Partial Impoundment. 

Partial Impoundment. 


, > . 
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from both Jperaticns. The subse^en^llosing Sf 

refinery with more than adequate ^nd ^ factory left i he 
impoundage. Several factSrJ^LfiJerv 

Florida, and Puerto Rico ST impSJiLqe TS louisiana, 
refineries discharge to laroe ^ ^ various extents; two 
resulting undefined eventual holdings' with a 

with an overfl^ are^those^operating in^TOnl impoundage 
factories. Wastes froS Jefi^rr^rSe®? 

to the same holding ponds, making it 4 .^ ^ discharged 
ment efficiency associated with the apelSatiSi of° determine the treat- 
refinery waste waters alone. PPllcation of this technology to 

bottoms to control^p«colftion*My^be ponds, sealing of pond 
bat self sealing resS!? (although eapensiSe), 
contamination of groanLatS“hSSlS iJJoSfd! ’ ' “* tormation. No 

Other refineries are prohibited from island. 
oeing located in urban areas o- I 2 \ technology by either (1) 
rainfall. ^^"9 located in are^« of high 

sugL PriceMi^^^Sle^L2°LM*Sgar‘^fiStSl®i^“l?'' nor in beet 
method of disposal. Dee^Ien^ practices this 
alternative; however, the e^eofa of exist as a disposal 
difficult to determine This mo^-h^ subsurface injection are usually 
with the stipulation* that extensive **atSSf*^ ^ recommended 
environmental protection beyond an? refso^Je'louS. 


101 


A-359 


32i5 







I 


SECTION VIII 

COST, ENERGY, AND NON-WATER QUALITY ASPECTS 


Assumptions Psrtslnlng £2 tfntt SUflfix fiAH 
Alternatives sL Cggfetgi AOd TlgAtBAQ^ 

Por the purpose of establishing effluent limitations guidelines, model 
refineries were hypothesized to represent the crystalline and liquid 
cane sugar refining industry subcategories. These model refineries were 
derived from a basis of average water usage and conservation, but 
average to poor in-plant controls to limit BOD]^ and suspended solids 
loadings. These model refineries are illustrated in Figures 18 and 19. 
The following treatment alternatives have been applied to these model 
refineries to determine the best practicable control technology 
currently available (BPCTCA), the beat available technology economically 
achievable (BATEA), and the standards of performance for new sources 
(NSPS): 

Alternative A; This Alternative represents the baseline 
ana inclmes good water usage but poor in-plant controls. 

This Alternative also assumes no treatment, and represents 
the model raw waste loadings. 

Alternative B: This Alternative involves the elimination 
of a discharge of filter cake, which results from the 
clarification of melt liquor. Filter cake can be disposed 
of without discharge to navigable waters by controlled 
impoundage of the filter slurry (Alternative B-1) or by 
dry handling of the filter cake (Alternative B-2). A 
decrease in water usage of 0.25 cubic meters per metric 
ton (60 gallons per tons) of melt is evidenced over 
Alternative A if dry handling of filter cake is in¬ 
corporated. 

Alternative C: This Alternative involves, in addition 
to Alternative B, the addition of demisters and external 
separators to reduce entrainment of sucrose into baro¬ 
metric condenser cooling water. This technology is 
illustrated fok both liquid and crystalline refineries 
in Figures 20 and 21. For the barometric condenser 
cooling water flows developed for both the crystalline 
and liquid cane sugar refining subcategorias, BOD^ entrain¬ 
ment can be reduced to below 10 mg/1. 
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Figure 18 

E^IMATED RAW WASTE LOADINGS AND WATER USAGE 
FOR THE MODEL CRYSTALLINE CANE SUGAR REFINERY 
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Flow; 15.0 mVkkg 
(3600 gal/ton) 


Process Water 

BOD 3 2.75 kg/kkg (5.50 Ib/ton) 
TSS 1.00 kg/kkg (2.00 Ib/ton) 


Flow: 1.64 m^/kkg 
(393 gal/ton) 


Filter Cake Slurry 
BOD 5 0.475 kg/kkg(0.95 Ib/ton) 
TSS 7.90 kg/kkg (15.80 Ib/ton) 


Flow: 0.25mVkkg 
(60 gal/ton) 


Flow: 16.9inVkkg 

(4050 gal/ton) 


Discharge 


BOD 5 3.725 kg/kkg(7.45 Ib/ton) 
TSS 8.90 kg/kkg (17.80 Ib/ton) 


Figure 19 

ESTIMATED RAW WASTE LOADINGS AND WATER USAGE 
FOR THE MODEL LIQUID CANE SUGAR REFINERY 
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CRYSTALLINE REFINERIES 


Average 


W«#r 

®®060.44 kg/kkg 
(0.88 Ib/ton) 


Flow: 


36.5 mVkkg 
(8750 gal/con) 


Model 


Condon»«r Water 

BOOgO.56 kg/kkg 
(1.11 Ib/ton) 

(Modal) 


Flow: 


3j.9 

(8150 gal/ton) 


Model 


Conrfaiwor Watar 

“"60.34 kg/kkg 
(0.68 Ib/ton) 

(AHamativa C) 


Flow: 


33.9 m3/k|fg 
(8150 gal/ton) 


CONDENSER WATER LOADINGS AND WATER USAGE FOR 
CRYSTALLINE CANE SUGAR REFINERIES 


LIQUID REFINERIES 


Average 


Condamar Watar 

BOOg 0.31 ka/kkg 
(0.62 IbTton) 


Flow: 


Model 


Condantar Watar 

BOOg OAO ka/kkg 
(1.00 Ib/ton) 

(Modal) 


Model 


Condamar Watar 

BOO 5 0.15 ke/kka 
> (0.30 Ib/ton) 

(Altamatiaa C) 


1A3 m^Akg 

0900 gal/ton) 

i- 

fir,,,. 

- 1 

15.0 m^Aiiig 
(3600 gal/ton) 

1 

Flow: 



F 

^ r 


16.0 m^Akg 
(3600 gal/ton) 


riQur# 21 

CONDENSER JJJATIER LOADINGS AND WATER USAGE FOR 
LIQUID CANE SUGAR REFINERIES 
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Alternative D: This Alternative involves, in addition 
^ Alterative C, the addition of an activated sludge 
systen to treat process waters. 

Alternative E; This Alternative involves, in addition 
to Alternative D, the recycle of baronetric condenser 
cooling water through a cooling device with biological 
treatment of the assumed t%w> percent blo%idown and in¬ 
corporates sand filteration of the effluent from the 
activated sludge system to further effect solids removal. 
This results in reductions in water usages of 88 percent 
for liquid refineries and' 94 percent for crystalline 
refineries, over Alternative D. 

xi^^yQ ^tive F; This Alternative includes, in addition 
to Alternative C, the elimi''ation of a discharge of 
process waters by total i.mpoundage of this waste stream. 
This technology requires that large quantities of land 
be available and is not judged to be available technology 
for urban refineries. It is a current practice of many 
rural refineries, however. 


Alternative G: This Alternative involves in addition 
tbAlternatlve P, a recycling of barometric condenser 
cooling water through a cooling device and total re¬ 
tention of the assuoied two percent blowdown. This 
tectmology requires that large quantities of land be 
available and is not judged to be available technology 
for urban refineries. It is a current practice of 
three refineries, all rurally located. Reduction in 
water usages of 88 percent for liquid refineries and 
94 percent for crystalline refineries results, over 
Alternative F. 


Assumptions Pertaining to the Copt j2£ 411^ I^eatment 

The cost estimates contained in this document are based on two 
crystalline refineries with melts of 545 metric tons (600 tons) per day 
and 1900 metric tons (2100 tons) per day, respectively, and a l^uid 
refinery with a melt of 508 metric tons (560 tons) per ^ese 
refineries are considered to be generally representative of both large 
and small crystalline operations and of liquid operations. obvioiwly, 
any given existing installation may vary considerably from the models 
presented; each sugar refinery bas unique characteris^cs and unique 
problems that must be taken into consideration. The following are 
assumed features of the representative refineries: 


1. The present level of barometric condenser cooling water 
BOD^ entrainment is 16 ppm in crystalline refineries 
and 33 ppm in liquid refineries. 

2. Both liquid and -rystalline refineries employ liquid level 
controls on evaporators and absolute pressure ccmtrols on 
the last evaporator body. 
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3. 

4. 


5. 

6 . 

7. 

8 . 
9. 


employ triple-effect evapora- 
^5 iiquid refinery uses double-effect evapor^o-i, 
TOtal mud slurry equals 114 cubic meters (30,000 qalljns 

refinery, 135 cubii m^JeJs^liL^OO 
gallons) per day for the 545 metric ton (600 ton) per dav 
rystalline refinery, and 455 cubic meters (120,000 gallonsi 

tte operating year consists of 250 days. 

Ninety-eight percent of condenser water fiOD5 is due to 
sucrose. ^ 

toth liquid and crystalline refineries discharge dia- 
tODiaceous earth filter slurries. 

crystalline refineries do not recycle 
condenser water. 

^ere is presently a discharge of process water with no 


Basis of Cpst Analysis 

iIlfor«iiS?^ assumptions made in the presentation of cost 


1 . 

2 . 

3. 

4. 

5. 


7, 

8 . 

9. 

10 . 


11 . 

12 . 

13 . 


eSti^eS!" actual engineering cost 

(I?!25‘lb.'ro/wDs!' equivalent to .511 t, 

gallon) of 80« Brix final molasses 
sells for S.042 per liter ($.16 per gallon). 

All costs are August 1971 dollarsT ' 

on an 18 year straight- 
rolling stock which is depr^ 

5 straight-line method. 

^ ®®®^* *0*53 per cubic meter 

ys^^d) ; annual excavation and disposal 
TOSts $0.79 per cubic meter ($0.60 per cubic yardT? 
^nual interest rate for capital cost equals 8 percent 

*“ tecilitie. <iept4i.ti3 ^ IT*' 
2 !:iL‘S“bi""Sv«4?* =ona.„«r cooling 

^ntinge^y is taken at 10 percent of installed cost 

sxpediting costs are taken at 10 percent 
^ installed coat plus contingency. Percent 

Total yearly cost equals: 

aopr«:i.tion percent.,.) . 
Yearly operating coat ♦ (Investment cost /2) (.08) 
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14. Hook-up charges associated with disposal to municipal 
systems are assumed to be zero. 

Qualifying StatCTent s. The following cost analyses include in some 
cases considerable costs for excavation and dyke construction. In some 
instances these costs may be minimized or nullified by topographic 
conditions. In other instances they may be reduced by utilizing in- 
house equipment and labor. 

Land costs vary widely. The figures used herein are considered to be 
representative of non-urban areas where the use of land would be 
expected. In urban areas land is often not available; when it is used, 
the cost can be expected to be substantially higher than reported in 
this document. 

The investment cost associated with hook-up to a municipal waste system 
is assumed herein to be nil. In actuality this cost can vary from zero 
to considerable sums of money; for purposes of economic impact, it is 
necessary to assess the cost on an individual basis. However, for the 
purpose of presenting cost information for the cane sugar refining 
industry, it must be noted that thirteen refineries already have 
municipal hook-up. Therefore, for these thirteen refineries, the 
assumption of zero additional cost is valid because they already have 
municipal hook-up. 

crystalline pet^ng 

Two representative crystalline refineries were chosen as a basis for 
cost estimates: a small refinery with a melt of 545 metric tons (600 

tons) per day and a large refinery with a melt of 1900 metric tons (2100 
tons) per day. The following treatment alternatives may be applied to 
both refineries. 

Alternative Ai fio Waste Treatment ot Control . The effluent from a 545 
metric ton (600 ton) per day crystalline refinery is 19,900 cubic meters 
(5.14 million gallons) per day and from a 1900 metric ton (2100 tons) 
per day crystalline refinery is 66,000 cubic meters (18.0 million 
gallons) per day. The resulting BOD^ and suspended solids loads are 
1.85 kilograms per metric ton (3.70 pounds per ton) and 9.20 kilograms 
per metric ton (16.40 pounds per ton) respectively, for both refineries. 

Since no waste treatment is involved, no cost associated with waste 
treatment or control can be attributed to this Alternative. 

COSTS: 0 

HEDUCTION BENEFITS: None | 

f 

Alternative fii Elimination ai Discharge Uss EUt££S- This Alternative 
can be achieved either by impounding the mud resulting from slurrying 
filter cake with water or by dry hauling the desweetened filter cake to 
landfill. The resulting effluent waste loads for BOD^ and suspended 
solids are 1.375 kilograms per metric ton (2.75 pounds per ton) of melt 

I 
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per ton) of malt 


and 1.30 kilograms par metric ton 
respectively, at this control level. 


(2.60 potinds 


B*lt Impound Filter slurry 

COSTS! 545 metric tons (600 tons) per day crystalline refinery 

Incremental Investment Cost: <33,000 
Total Investment Cost: <33,000 

Total Yearly Cost! < 8,600 

1900 metric tons (2100 tons) per day crystalline refinery 

Incremental Investment Cost: <66,000 
Total Investment Cost: <66,000 

Total Yearly Cost: <20,000 

B-2: Dry Disposal of Filter cake 


costs: 545 metric tons (600 tons) per day crystalline refinery 

Incremental Investment Cost: <61,000 
Total Investment Cost: <61,000 
Total Yearly Cost: <45,000 


REDUCTION BENEFITS: 


1900 metric tons (2100 tons) per day crystalline refinery 

Incremental Investment Cost: <61,000 
Total Investment Cost: <61,000 
Total Yearly cost: <71,000 


^incremental reduction in BOD^ of approximately 0.475 
••trie ton (0.95 pounds per ton) of melt 

S? °A 7.9 kilograms 

^.T metric ton (15.8 pounds per ton) of melt is evi- 
denced over Alternative A. Total plant reductions of 

illldTSSSd 


For ^e purpose of accruing total costs in this 
s^tion of the report, the use of dry dispoeal of 

will be considered representative 


baffling and J4atrSis*JJ"Jir;va^toS'iSS'i:;uuI;*JL»e^‘*« 

-iitiSId iTtVi*S:etr-nhe re-i-tinT.^J-j:. 
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and suspandcd solids ars 1.16 kilograms par mstric ton (2.32 pounds par 
ton) of malt and 1.30 kilograms par matric ton (2.60 pounds par ton) of 
malt raspactivaly« for tha salactad rafinaries at this control lavel. 

COSTS: 545 matric tons (600 tons) par day crystallina rafinary 

Incraaantal Invastmant Cost: I 52,000 
Total Invastmant Cost: $113,000 

Total yaarly Cost: $ 62,000 

1900 matric tons (2100 tons) per day crystallina rafinary 

Zncramantal Invastment Cost: $ 73,000 
Total Invastment Cost: $134,000 

Total Yearly Cost: $ 75,000 

REDUCTION BENEFITS: An incremental reduction in BOO^ of 0.22 kilograms 

per metric ton (0.44 pounds per ton) of melt is 
evidenced over Alternative B. The total reduction 
in BOO^ is 37.3 percent. No further reduction in 
suspended solids is achieved. 

Alternati ve D; BiO i Logiyal Treatment of Process Water . This Alternative 
assumes the addition of an activated sludge plant to Alternative'C to 
treat process water. Presently there are no refineries which have their 
own biological treatment systems, but refinery wastes are commonly 
treated in municipal biological treatment plants. As discussed in 
section VII, ggQttgl AOd Technology , refinery waste water is 

highly biodegradable and thus t»all suited for biological treatment. 

A schematic of tha activated sludge system is shown in Figure 22. Waste 
water is pumped through a primary clarifier to an aerated lagoon, with 
biological sludge being returned to the aerated lagoon from a secondary 
clarifier. Excess sludge is pumped to a sludge digester; the sludge 
from tha digester is pumped to a holding lagoon. The total effluent 
waste loadings as a result of the addition of this Alternative are 
estimated to be 0.43 kilograms per metric ton (0.86 pounds per ton) of 
melt for BOO^ and 0.09 kilograms per metric ton (0.16 pounds par ton) of 
melt for suspended solids. 

COSTS: 545 matric tons (600 tons) per day crystallina refinery 

Incremental Invastment Cost: $255,000 
Total Invastmant Cost: $366,000 

Total Yearly Cost: $205,000 

1900 metric tons (2100 tons) per day crystalline refinery 

Incremental Investment Cost: $662,000 
Total Investment Cost: $796,000 

Total Yearly Cost: $296,000 
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REDUCTION BENEFITS: An incremental reduction in BODS of approximately 

0.73 kilograms per metric ton (1.46 pounds per 
ton) of melt and in suspended solids of approx¬ 
imately 1.21 kilograms per metric ton (2.42 pounds 
per ton) of melt is evidenced over Alternative C. 
Total reductions of 76.8 percent for BODi and 99.0 
percent for suspended solids would be achieved. 

Alternative Recycle al Condenser Wettt And Bi9tggiSA» ^ 

Blowdown . This Alternative includes, in addition to Alternative D, the 
recycle of barometric condenser cooling water followed by biological 
treatment of the blowdown in an activated sludge unit and the addition 
of sand filtration to further treat the effluent from the activated 
sludge unit. The blowdown is assumed to be approximately two percent of 
the baroMtric condenser cooling water flow. Presently, there are three 
refineries using cooling towers and two which utilize a spray pond for 
the purpose of recycling barosietric condenser cooling water. Recycle of 
barometric condenser cooling water accomplishes two important things; 
(1) it cools the water, there^ removing the heat normally discharged 
and (2) it concentrates the waste loadings into the smaller blowdown 
stream, making biological treatment of this waste stream feasible. The 
total effluent waste loadings as a result of the addition of this 

Alternative are estimated to be 0.09 kilograms per metric ton (0.18 

pounds per ton) of melt for BOD5 and 0.035 kilograms per metric ton 

(0.07 pounds per ton) of melt for suspended solids. In addition, 

665,000 liilogram calories per metric ton (2.4 million BTU per ton) of 
melt are effectively removed from barometric condenser cooling water. 



Under the moet adverse conditions (lack of available land with no 
suitable alternative, excessive drift, fogging, noise- or a combination 
of these factors), which are presently not anticipated, the coats of 
application of this technology (cooling devices) could in some instances 
result in significant cost increases. 

There are a number of methods of recycling barometric condenser cooling 
water; for the purposes of this document, the following are considered: 
cooling towers and spray ponds. 


9 


E-1: Alternative E with a Cooling Tower 
COSTS: 545 metric tons (600 tons) per day crystalline refinery 


Incremental Investment Cost: 
Total Investment Cost: 

Total Yearly Cost: 

1900 metric tons (2100 tons) 

Incremental Investment Cost: 
Total Investment Cost: 

Total Yearly Cost: 


S346,000 

$714,000 

$283,000 

per day crystalline refinery 

$ 714,000 

$1,510,000 
$ 470,000 
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E-2; Alternative E with a Spray Pond 
COSTS: 545 Metric tons /600 


COSTS; 545 Metric tons (600 tone) per day cryetalline refinery 

Incremental Investment Cost: I 282,000 
Total Investment Cost: $ 650,000 

Total Yearly Cost; S 271,000 

1900 metric tons (2100 tons) per day crystalline refinery 

Incremental Investment Cost: $ 596,000 

Total Investment Cost: 11,392,000 

Total Yearly Cost: $ 436,000 

REDUCTION BENEFITS: ^ ^cremental reduction in BOD5 of approximately 

0.34 kilograms per metric ton (0.68 pounds per ton) 
of melt and in suspended solids of 0.055 kilograms 
per metric ton (0.11 pounds per ton) of melt 
18 evidenced by addition of this Alternative 

reductions of 95.1 percent 

^r BOD5 and 99.6 percent for suspended solids would 
D€ ACnl#V#<3e 

JitfStiiS aSu-e?iS?fH?adS{tlS^^^ 

^sSItina* ^ controlled retention and t^al iipouidagS!°*^hJ 

leJel i! esJiiijJS at*'?"?! associated with^this conJSl 

tonf of kilograms per metric ton (0.66 pounds per 

Elimination of Discharge of Process Water 
by Containaient 


COSTS: 


545 metric tons (600 tone) per day crystalline refinery. 

tocrMsntal Investment Cost: <1,410,000 
Total Investment Cost: <1,530,000 

Total Yearly Coat: $ 211,000 

1900 metric tons (2100 tons) per day crystalline refinery 
Incremental Investment Cost: <4,870,000 
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Total Investment Cost $S,000,000 

Total yearly Cost: * 59'»,000 


REDUCTION BENEFITS 


An incremental reduction in plant BOD5 of 0.82 kilograms 
per metric ton (1.64 pounds per ton) of melt and in 
suspended solids of 1.30 kilograms per metric ton (2.60 
pounds per ton) of melt is evidenced in comparison to 
Alternative C. Total reductions in BOD^ of 81.6 percent 
and in suspended solids of 100 percent are achieved. 


Alternative Si Elimination of P4§chftt.ag 2l e2D|£DS|£ £22iiM 

Water. This Alternative assumes that in addition to Alternative F, 
is an elimination of discharge of barometric cwdenser cooling 
water. To achieve this level of treatment, it has been assumed that 
barometric condenser cooling water is recycled »nd the ^Iwdown 
impounded. The blowdown oi barometric condenser cooling water is 
assumed to be two percent of the total condenser flow. Effluent waste 
loadings associated with this control level are zero kilograms per 
metric ton (zero pounds per ton) of melt. 


G-1: Recycle of Condenser Water Through a Cooling Tower 
with an Assumed Two Percent Blowdown to Controlled 
Land Retention, in Addition to Alternative F. 

COSTS: 545 metric tons (600 tons) per day crystalline refinery 


Incremental Investment Cost: 11,000,000 
Total Investment Cost: $2,530,000 
Total Yearly Cost: * 352,000 


1900 metric tons (2100 tons) per day crystalline refinery 


Incremental Investment Cost: $2,620,000 
Total Investment Cost: $7,620,000 

Total Yearly Cost: * 950,000 

G-2: Recycle of Condenser Water Through a Spray Pond 

with an Assumed TVo Percent Blowdown to Controlled 
Land Retention, in Addition to Alternative F. 

COSTS: 545 metric tons (600 tons) per day crystalline refinery 


Incremental Investment Cost: $ 940,000 
Total Investment Cost: $2,470,000 
Total Yearly cost: $ 340,000 


1900 metric tons (2100 tons) per day crystalline refinery 


Incremental Investment Cost: $2,510,000 
Total Investment Cost: $7,510,000 
Total Yearly Cost: $ 918,000 




115 


A-372 3228 




SUMMARY OF MASTE LOADS FROM TREATMENT ALTERNATIVES 
FOR THE SELECTED CRYSTALLINE REFINERIES 




TABLE 19 


SUMMARY OF ALTERNATIVE COSTS FOR A 545 METRIC TONS 
(600 TONS) PER DAY CRYSTALLINE SUGAR REFINERY 


Total 


Alternative 

BODS 

Loa3* 

X BODS 
Removal 

TSS 

Load^ 

X TSS 
Removal 

Investment 

Cost 

Yearly 

Operating 

Cost 

Total 

Yearly 

Cost 

A 

1.85 

0.0 

9.20 

0.0 

0 

0 

0 

B-1 

1.375 

25.6 

1.30 

85.9 

33,000 

5,400 

8,600 

B-2 

1.375 

25.6 

1.30 

85.9 

61.000 

36,700 

45,000 

C 

1.16 

37.3 

1.30 

85.9 

113,000 

55,600 

62.000^^ 

D 

0.43 

76.8 

0.09 

99.0 

368,000 

174,000 

205,000 

E-1 

0.09 

95.1 

0.035 

99.6 

714,000 

219,000 

283,000 

E-2 

0.09 

95.1 

0.035 

99.6 

650,000 

214,000 

271.000 

F 

0.34 

81.6 

0.0 

100 

1,530,000 

70,000 

211,000 

6-1 

0.0 

100 

0.0 

100 

2,530,000 

114,000 

352,000 

G-2 

0.0 

100 

0.0 

100 

2,470,000 

109,000 

340,000 


♦Waste Loadings in Kilograms per Metric Ton of Melt 

♦♦Includes Sugar Savings of |7,400/yr. as a Result 
of Entrainment Prevention. 
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TABLE 20 


SUMMARY OF ALTERNATIVE COSTS FOR A 1,900 METRIC TONS 
(2,100 TONS) PER DAY CRYSTALLINE SUGAR REFINERY 


Total 


Alternative 

BODS 

Loa3* 

% BODS 
Removin 

TSS 

Load* 

% TSS 
Removal 

Investment 

Cost 

Yearly 

Operating 

Cost 

Total 

Yearly 

Cost 

A 

1.85 

0.0 

9.20 

0.0 

0 

0 

0 

B-1 

1.375 

25.6 

1.30 

85.9 

66,000 

14,000 

20,000 

B-2 

1.375 

25.6 

1.30 

85.9 

61,000 

64,000 

71.000 

C 

1.16 

37.3 

1.30 

85.9 

134,000 

87,000 

75,000** 

0 

0.43 

76.8 

0.09 

99.0 

796,000 

244,000 

296,000 

E-1 

0.09 

95.1 

0.035 

99.6 

1,510,000 

350,000 

470,000 

E-2 

0.09 

95.1 

0.035 

99.6 

1,390,000 

330,000 

438,000 

F 

0.34 

81.6 

0.0 

100 

5,000,000 

137,000 

591.000 

G-1 

0.0 

100 

0.0 

100 

7,620,000 

245.000 

950,000 

G-2 

0.0 

100 

0.0 

100 

7,510,000 

226,000 

918,000 


*Waste Loadings In Kilograms per Melt 

♦♦Includes Sugar Savings of $27,000/yr. as a 
Result of Entrainment Prevention. 


118 


3231 


A-375 


L O) 

« tM C 

0) •r- fc. 

>- M O; 

n u a. 

4J C 

O « 


« "P 

o. k S» 

f- a> k 

a J'S 

C (/) 9 
3 at 
X oe. 


CO 

o 

fO 

CO 

csi 

m 


* 


CM 


o at 

t/t!o 'S 

<0 •*- C 3 
'M « «e 9 
U > -I V 
^ < QC 


CM 


■S 

UJ 

«/) 

44 1*? 

•J 

< 

<9 <9 

flO 

< 

oe 

9 *9 f 
X <9 U 

p 

o 

O IM 


_J f- I 

o ^ 


x> 

at 

9t 0> 9 
C k 
O f- lO 

S TI ^ 

<9 U 9 
O I/I ^ 


k 

at 

- I «- 

I/I o at 

«k i/i-o 1 
at X 6 
0- u 5 4-/ 
o ©•- _ 

k ^ 91 

4-> & c 

C "O *»” 

1^*8 

f- • U 

<0 • t ^ 

3iS^ 


I/I 8 

I*- I/I -o _ 

ot i *9 

H- ct 6 c 

°e5l 

4^ O. 

C *9 ^ 

at — c «9 

gf- <0 k 


3 iX 9 E 

C "9 4J O 

3gs^ 


91^ O <0 

a- k c o o. 

«0 lO O 

^ „ u 

O U k E 

I/I at 5 c 

4J 4J k 3 

S'® 

g *9 C O C 

e C I/I 1 44 9 

•;;'"islkS 

44 I/I u 1 at « 

liels£ 

O B 44 44 


k >4- 

Ot O 

at ^ 

•._ 9l"9 k t— 

«*- k c a. <e 

(O « I/I ©■ 

<k f _•»■ 

o u k E u 
irt at p 

44 •>- 44 k C 
C *9 lO •*- 3 , 

at X E 44 

i "o fc ^ 

E c I/I 1 o E 

19 I/I 6 44 E 

19 at *9 ^ 

44 |« u 1 "9 <9 
C *9 O O C p 
O 3 k ^ O k 
O E o.^ 0.44 


s I 

s* u 

at c at 

881 

k *9 44 

^ 8 91 
^ I— C 
F“ .O 
« r- 

^.18 

o « u 


< /•»*»« 

1 ,v*' 


3232 


A-376 


IMPLEWENTATION SCHEDULES FOK A SMALL CRYSTALLINE SUGAR REFINERY 
~ (Continued) 
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from spray pond, fol¬ 
lowed by sand filtr. 0.09 0 0.9 No 622,000 235,000 
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IMPLEMENTATION SCHEDULE FOR A SKALL CRYSTALLINE SUGAR REFINERY 
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IMPLEMENTATION SCHEDULES FOR A LARGE CRYSTALLINE SUGAR REFINERY 
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IMPLEMENTATION SCHEDULES FOR A LARGE CRYSTALLINE SUGAR REFINERY 
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IMPLEMENTATION SCHEDULES FOR A LARGE CRYSTALLINE SUGAR REFINERY 

(Continued} 
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REDUCTION BENEFITS: An incremental reduction in plant BOD5 of 0.34 kilo¬ 
grams per metric ton (0.68 pounds per ton) of melt 
is evidenced by addition of this Alternative to Al- 
termative F. Total reduction of BOD^ and suspended 
solids is 100 percent. 


Discharge gl Process Waste Streams jg Municipal ^ga^ment Sys^ggs. For 
the purpose of presenting cost information which is representative of 
the industry, it is necessary to determine costs associated with various 
schemes of discharge to municipal treatment systems. Twelve refineries 
currently discharge all or a portion of their wastes to municipal 
treatment systems. Seven of these are crystalline refineries with one 
other crystalline refinery having sewer hook-up and soon to practice 
this treatment technique. The following schemes are possible and the 
resulting costs presented. 

M.T. #1: Disch^u:ge of Process water to 
Municipal Treatment 

This method of treatment of process water is practiced by twelve 
refineries, all urbanly located. This technology is not available to 
most rural refineries or to those refineries whose waste is not accepted 
by a municipal treatment system. It is however, a well demonstrated 
treatment method and practiced by 42 per cent of the nation's 
refineries. The costs presented here include the costs associated with 
Alternative C. 


CX}STS: 545 metric tons (600 tons) 

per day crystalline refinery 


Incremental Investment Cost; 
Total Investment Cost: 

Total Operating Cost; 

Total yearly Cost: 

1900 metric tons (2100 tons) 
per day crystalline refinery 

Incremental ''t vestment Cost: 
Total Invest, ant Cost: 

Total Operating cost: 

Total Yearly Cost: 


$0 

S113,000 
$ 83,000 
$ 90,000* 


SO 

$134,000 

$183,000 

$171,000* 


* Includes savings as a result of recovery of sugar which would 
normally be entrained in the barometric condenser cooling 

water. 


M.T.#2: Recycle of Condenser Cooling Water Through 

a Cooling Tower with an Assumed Two Per¬ 
cent Blowdown to Municipal Treatment, in 
Addition to M.T.tl 
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COSTS; 545 metric tons (600 tons) 

per day crystalline refinery 


Incremental Investment Cost; S212,000 
Total Investment cost; $325,000 
Total Operating Cost; $123,000 
Total Yearly Cost; $149,000 

1900 metric tons (2100 tons) 


Incremental Investment Cost; $400,000 
Total Investment cost; $534,000 
Total Operating cost; $276,000 
Total Yearly Cost; $303,000 


M.T.#3; Recycle of Condenser Cooling Water Through 
a Spray Pond with an Assuoied Two Percent 
Blowdown to Municipal Treatment, in Addition 
to M.T.#1 

COSTS; 545 metric tons (600 tons) 

per day crystalling refinery 


Incremental Investment Cost; $148,000 
Total Investment Cost; $261,000 
Total Operating Cost; $118,000 
Total Yearly Cost; $138,000 

1900 metric tons (2100 tons) 


Incremental Investment Cost; $284,000 
Total Investment Cost; $418,000 
Total Operating Cost; $256,000 
Total Yearly Cost; $272,000 


Liguid afinipg 

A liquid refinery with an average melt of 508 metric tons (560 tonal of 

« the basis for cost estiJv^tJs? Thf foUolxSg 
treatment alternatives may be applied to this refinery. ^ 

metfi2^^s^/«iS S£ SSUifol. The effluent from a 508 

T! 27 milliL day liquid refinery is 8,590 cubic meters 

loadinaa^ii^ resulting BOD^ and suspended solids 

8 90 ^ itrlograms per metric ton (7.45 pounds per ton) and 

8.90 kilograms per metric ton (17.80 pounds per ton) respectively Be- 
treatment is involved, L cost Ian J ttL 
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oosTS: 0 

REDUCTION BENEFITS: None 


A.i-fcernative fl: Elimination Die charge tifim fHifitS* . This Alternative 
can ^be^^achieved either by impounding the mud resulting from slurrying 
filter cake with water or by dry hauling the desweetened cake to 
landfill. The resulting effluent waste loads for BOD^ and suspwded 
solids are estimated to be 3.25 kilograms per metric ton (6.50 pcunas 
per ton) and 1.00 kilograms per metric ton (2.00 pounds_per ton) of melt 
respectively* at this control level. 


B-1: 

Impound Filter Slurry 



COSTS: 

Incremental Investment 
Total Investment Cost: 
Total Yearly Cost: 

Cost: 

$31,000 

$31,000 

$12,000 

B-2: 

Dry Disposal of Filter 

cake 


COSTS: 

Incremental Investment 
Total Investment Cost: 
Total Yearly Cost: 

Cost: 

$61,000 

$61,000 

$45,000 


REDUCTION BENEFITS; An incremental reduction in BOD^ of approximately 

0.475 kilograms per metric ton (0.95 pounds per 
ton) of melt and in suspended solids of approxi¬ 
mately 7.90 kilograms per metric ton (15.80 pounds 
per ton) of melt is evidenced over Alternative A. 
Total plant reductions of 12.8 percent for BOD5 and 
88.8 percent for suspended solids would be achieved. 


For the purpose of accruing total costs in this 
section of the report* the use of dry disposal 
of filter cake (E-2) will be considered repre¬ 
sentative of Alternative B. 


Alternative £i Inplant Mod^^icat^ons %o fe a a SS Entfainmen t ^ 

7ntrt ronde n ser Water. This Alternative includes, in addition to 
Al^rnative B, the installation of demisters and external separates in 
Of(jer to reduce the entrainment of sucrose in baroi^tric condenser 
cooling water. It is assumed* in addition* that the refinery has good 
baffling and operational controls in the evaporators and vacu\m pans, as 
well as good vapor height. The resulting effluent waste loads for BOD^ 
and suspended solids are 2.90 kilograms per metric ton (5.80 pounds per 
ton) of melt and 1.00 kilograms per metric ton (2.00 pounds per ton) of 
melt respectively* at this control level. 


COSTS! 


Incremental Investment Cost; $ 54*000 
Total Investment Cost: $115*000 
Total Yearly Cost: $ 62,000 
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REDUCTION BENEFITS: An incremental reduction in BOO^ of 0.35 kilograms 

per metric ton (0.70 pounds per ton) of melt is 
evidenced over Alternative B. The total reduction 
in BOO^ is 22.1 percent and in suspended solids is 
88.8 percent. 

Al ternative D; Biological Treatment gf Process Water . This alternative 
assumes the addition of an activated sludge plant to treat process 
water. Presently there are no refineries which have their own 
biological treatment systems, but refinery vastes are commonly treated 
in municipal biological treatment plants. As discussed in Section VII, 
refinery waste is highly biodegradable and thus well suited for 
biological treatment. 

A schematic of the activated sludge system is shown in Figure 22. Waste 
water is pumped through a primary clarifier to an aerated lagoon with 
biological sludge being returned to the aerated lagoon from a secondary 
clarifier. Excess sludge is pumped to a sludge digester; the sludge 
from the digester is pumped to a holding lagoon. The total effluent 
waste loadings as a result of the addition of this Alternative are 
estimated to be 0.32 kilograms per metric ton (0.63 pounds per ton) of 
melt for BODS and 0,165 kilograms per metric ton (0.33 pounds per ton) 
of melt for suspended solids. 

COSTS: Incremental Investment Cost: $337,000 

Total Investment Cost: $452,000 

Total Yearly Cost: $230,000 

REDUCTION BENEFITS: An incremental reduction in BOD5 of approximately 

2.58 kilograms per metric ton (5.16 pounds per ton) 
of melt and in suspended solids of 0.835 kilograms 
per metric ton (1.67 pounds per ton) of melt is 
evidenced over Alternative C. Total reductions of 
91.4 percent for BOD^ and 98.1 percent for suspended 
solids would be achieved. 

Alte rnative Ei gi Barometric Condense^ Cooling Water and 

Biological Treatment of. Blowdown . This Alternative includes, in 
addition to Alternative D, the recycle of barometric condenser cooling 
water followed by biological treatment of the blowdown in an activated 
sludge unit and the addition of sand filtration to further treat the 
effluent from the activated sludge unit. The blowdoim is assumed to be 
approximately two percent of the total condenser flow. Presently there 
are three refineries using cooling towers and two which utilize a spray 
pond for the purpose of recycling barometric condenser cooling water. 
Recycle of barometric condenser cooling tsater accomplishes two important 
things: (1) it cools the water, thereby removing the heat normally 

discharged emd (2) it concentratec the waste loadings into the smaller 
blowdown stream, making biological treatment of this waste stream 
feasible. The total effluent waste loadings as a result of the addition 
of this Alternative are estimated to be 0.15 kilograms per metric ton 
(0.30 pounds per ton) of melt for BOD^ and 0.03 kilograms per metric ton 
(0.06 pounds per ton) of melt for suspended solids. In addition. 



K 


130 


3243 


A-387 



250,000 kilogram calories per metric ton (0.9 million BTU per ton) of 
ineit are effectively removed from condenser water. 


Under the most adverse conditions (lack of available land with no 
suitable alternative, excessive drift, fogging, noise, or a 
of these factors), which are presently not anticipated, the costs of 
application of this technology (cooling devices) could in some instances 
result in si-^ ificant cost increases. 


There are a number of methods of recycling 
water; for the purposes of this document, 
cooling towers and spray ponds. 


barometric condenser cooling 
the following are considered: 




E-1: Alternative E with a Cooling 

Tower 


COSTS: Incremental Investment Cost: $174,000 

Total Investment Cost: $626,000 

Total Yearly Cost: $265,000 


E-2: Alternative E with a Spray 

Pcmd 


COSTS: Incremental Investment Cost: $152,000 

Total Investment Cost: $604,000 

Total Yearly Cost: $261,000 


REDUCTION BENEFITS: 


An incremental reduction in BOD5 of 0.17 kilograms 
per metric ton (0.34 pounds per ton) of melt and 
in suspended solids of 0.135 kilograms per metric 
ton (0.27 pounds per ton) of melt is 
evidenced by addition of this Alternative to 
Alternative D. Total reductions of 96.0 percent 
for BOD5 and 99.7 percent for suspended solids 
are achieved. 


F: El imination of Discharge of Ptocgss This 

Alternative assumes that, in addition to Alternative C, all process 
waters are eliminated by controlled retention and total impo^dage. The 
resulting effluent waste loading for BOD^ associated with this control 
level is estimated at 0.15 kilograms per metric ton (0.30 pounds per 
ton) of melt, that amount attributable to barometric condenser cooling 
water. The suspended solids loading is zero as the only suspended 
solids-bearing waste stream has been elimina ed. 

F: Elimination of Discharge of 

Process Water by Containment 

Total impoundment of process water is successfully 

refineries; however, a considerable amount of land is required (see 

Table 25» Path 13). Containment of process water is# 

considered to be practicable technology for urban liquid refineries. 
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SUMMARY OF WASTE LOADS FROM TREATMENT ALTERNATIVES 
FOR THE SELECTED LIQUID REFINERY 
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TABLE 24 


SUMMARY OF ALTERNATIVE COSTS FOR A 508 METRIC TONS 
(560 TONS) PER DAY LIQUID SUGAR REFINERY 


Total 


Alternative 

BODS 

Loa?^ 

% BODS 
Removal 

TSS 

Load^ 

% TSS 
Removal 

Investment 

Cost 

Yearly 

Operating 

Cost 

Total 

Yearly 

Cost 

A 

3.725 

0.0 

8.90 

0.0 

0 

0 

0 

B-1 

3.25 

12.8 

1.00 

88.8 

31,000 

5,800 

12,000 

B-2 

3.25 

12.8 

1.00 

88.8 

61,000 

37,000 

45,000 

C 

2.90 

22.2 

1.00 

88.8 

115,000 

59,000 

62,000^^ 

D 

0.32 

91.4 

0.165 

98.1 

452,000 

194,000 

230,000 

E-1 

0.15 

96.0 

0.03 

99.7 

626,000 

213,000 

265,000 

E-2 

0.15 

96.0 

0.03 

99.7 

604,000 

210,000 

261,000 

F 

0.15 

96.0 

0.0 

100 

1,570,000 

74,000 

217,000 

G-1 

0.0 

100 

0.0 

100 

2,040,000 

93,000 

280,000 

G-2 

0.0 

100 . 

0.0 

100 

2,013,000 

90,000 

275,000 


♦Waste Loadings in Kilograms per Metric Ton of Melt 

♦♦Includes Sugar Savings of $10,000/yr. as a Result 
of Entrainment Prevention. 
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IMPLEMENTATION SCHEDULES FOR A LIQUID SUGAR REFINERY 



riff 


1/1 


134 


324 V 


A-391 


Dry disposal of filter 
cake and containment 
of all process waters 
and blowdown from 

cooling tower * 0 0 50 No 2,040,000 280,000 


IMPLE MENTATION SCHEDULES FOR A LIQUID SUGAR REFINERY 

(Continued) 
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TABLE 25 

IMPLEMENTATION SCHEDULES FOR A LIQ UID SUGAR REFINERY 
“ (Continued) 
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COSTS: Incremental Investment Cost: 
Total Investment Cost: 

Total Yearly Cost: 


51,455,000 
51,570,000 
5 217,000 


REDUCTION BENEFITS: An incremental reduction in plant BOD^ of 2.75 

kilograms per metric ton (5.50 pounds per ton) 
of melt and in suspended solids of 1.00 kilograms 
per metric ton (2.00 pounds per ton) of melt is 
evidenced in comparison to Alternative C. Total 
reductions in BOD^ of 96.0 percent and in sus¬ 
pended solids of 100 percent are achieved. 


Alternative Elimination o^ Discharge of Barometric condenser Cooling 
iatei. This Alternative assumes that in addition to Alternative F there 
is an elimination of discharge of barometric condenser cooling water. 
To achieve this level of treatment, it has been assumed that condenser 
water is recycled and the blowdown impounded or discharged to a 
municipal treatment system. The blowdown of barometric condenser 
cooling water is assumed to be two percent of the total condenser flow. 
Effluent waste loads associated with this control level are *ero 
)cilograms per metric ton (zero pounds per ton) of melt. 


G-1: Recycle of Condenser Water Through 
a Cooling Tower with an Assumed Two 
Percent Blowdown to Controlled Land 
Retention, in Addition to Alterna¬ 
tive F. 


COSTS: Incremental Investment Cost: 5 470,000 

Total Investment Cost: 52,040,000 

Total Yearly Cost: $ 280,000 

G-2: Recycle of Condenser Cooling Water 

Through a Spray Pond with an Assumed 
Two Percent Blowdown to Controlled Land 
Retention in Addition to Alternative F. 


COSTS: Incremental Investment Cost: 5 443,000 

Total Investment Cost: 52,013,000 

Total Yearly Cost: 5 275,000 

REDUCTION BENEFITS: An incremental reduction in plant BOD^ of 0.15 

kiloorams per metric ton (0.30 pounds per ton) 
of melt is evidenced by addition of this 
Alternative to Alternative F. Total reductions 
of BOD^ and suspended solids are 100 percent. 

2l WgStf Streams ^ Municipaj. Treatment System . For 

tne purpose of presenting cost information which is representative of 
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the industry, it is necessary to determine coats associated with various 
schemes of discharge to municipal treatment systems. Twelve refineries 
currently discharge all or a portion of their wastes in municipal 
treatment systems. Three of these are liquid refineries and two are 
combination crystalline - liquid refineries. The following schemes are 
possible and the resulting costs presented. 

M.T.*1: Discharge of Process Water to 

Municipal Treatment 

This method of treatment of process water is practiced by three of the 
five liquid refineries and by both comoination crystalline — liquid 
refineries, all urbanly located. This technology is not availaole to 
most rural refineries or to those refineries whose waste is not accepted 
oy a municipal treatment system. It is however, a well demonstrated 
treatment method and practiced by 42 percent of the nation's ref^eries. 
The costs presented include those costs attributable to Alternative C. 

COSTS: Incremental Investment Cost: fO 

Total Investment Cost: $115,000 

Total Operating Cost: $ 81,000 

Total yearly cost: J 84,000* 

* Includes savings as a result of recovery of sugar which would 
normally be entrained in the barometric condenser cooling 
water. 

M.t.# 2: Recycle of Condenser Cooling Water Through 

a Cooling Tower with an Assumed Two Percent 
Blowdown to Municipal Treatment, in Addition 
to M.T. #1 

COSTS: Incremental Investment Cost: $101,000 

Total Investment Cost: $216,000 

Total Operating cost: $ 97,000 

Total Yearly Cost: $110,000 

H.T.#3: Recycle of Condenser Cooling Water Through 

a Spray Pond with an Assumed Two Percent 
Blowdown to Municipal Treatment, in 
Addition to M.T.tl 


COSTS: Incremental Investment Cost: $ 79,000 

Total Investment Cost: $194,000 

Total Operating Cost: $ 94,000 

Total Yearly Cost: $105,000 
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RELATED ENERGY REQU IREMENTS OF ALTERNATIVE TREATMENT AND 
CONTROL TECHNOLOGIES - CANE SUGAR REFINING 

To process 0.9 metric tons (one ton) of raw sugar into refined sugar, it 
is estimated ^at 60 amd 64 Ailowatt-hours of electricity are required 
for crystalline and liquid sugar refineries, respectively. This elec¬ 
trical energy is affected by process variations, in-place pollution 
control devices, and amount of lighting. 

At a cost of 2,3 cents per kilowatt-hour, a crystalline sugar refinery 
processing 136,250 metric tons (150,000 tons) of raw sugar per year 
would have a yearly energy cost of S209,000, Associated with the 
control alternatives are additional auinual energy costs. These are 
estimated to be: 


Alternatives 


gggt 


At 


cost of 


A 

$ -0- 

B-1 

300 

B-2 

1,200 

C 

1,200 

D 

8,140 

E-1 

27,000 

E-2 

27,000 

F 

1,460 

G-1 

19,700 

G-2 

14,000 

M.T. #1 

1,200 

M.T. *2 

19,300 

M.T. #3 

13,600 

2.3 cents 

per kilowatt-hour, a 


year would have a yearly energy cost of $725,000. 
control alternatives are additional annual energy 
estimated to be: 


3) of raw sugar per 
Associated with the 
costs. These are 


Alternative^ 

A 

B-1 

B-2 

C 

D 

E-1 

E-2 

F 

G-1 

G-2 

M.T. #1 
M.T. #2 
M.T. #3 


QS&l 

$ - 0 - 
500 

1,200 

1,200 
28,000 
83,000 
71,000 
1,600 

51.800 
40,400 

1,200 

51,200 

39.800 



liquid cane sugar refinery 
of raw sugar per year 
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would have a yearly energy cost of $206,000. Associated with the 
control alternatives are additional annual energy costs. These are 
estimated to be: 


^ternatlves S2g^ 


A 


$ -0- 

B-1 


300 

B-2 


1,200 

C 


1,200 

D 


21,300 

E-1 


27,000 

E-2 


26,000 

F 


1,400 

G—1 


6,500 

G-3 


5,300 

M.T. 

• 1 

1,200 

M.T. 

#2 

6,200 

M.T. 

• 3 

5,100 


NON-WATER QUALITY ASPECTS OF Al^TERNATIVE TB£ATM£WT AND COWTROL 

TECHNQMSIS? 

Air Pollutj,on 

Waste water lagoonlng, particularly under anaerobic conditions, can 
promote the growth of sulfur reducing organisms and associated noxious 
gases. Tl>e maintenance of aerobic conditions can be maintained by the 
design of shallow ponds (two feet or less), by the use of aerators 
(although these can increase an existing problem), by pH adjustment, or 
by other means. 

Solid Washes 

The removal of solids from waste water produces a solid waste disposal 
problem in the form of sludges. In these cases, where the sludges are 
to be impounded, previously discussed measures for protection of ground 
water must be taken. Sanitary landfills, when available, usually offer 
an economical solution if hauling distances are reasonable. The addi¬ 
tional solids waste produced by waste water treatment is not expected to 
be a significemt problem. Technology and knowledge are available to 
prevent harmful effects to the environment as a result of land disposal 
of sludge. 

Non-Wa ter Quality Aspects of Cooling Tower? 21 9tft ey Co oling pe vices 

The non-water quality environmental impacts vihich may be of significance 
as a result of the application of cooling towers or other cooling 
devices for the recirculation of barometric condenser cooling water or 
which must be minimized include drift, fogging, and noise. 
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Drift . Water vapor and heated air are not the only effluents from 
cooling towers. Small droplets of cooling water become entrained in the 
air flow, and are carried from the tower. These droplets have '’’.he same 
composition as the cooling water; the water may evaporate from the 
drops, leaving behind the dissolved solids which are present in the 
cooling water. 

The amount of drift is basically a function of cooling tower design, and 
particularly of the drift eliminators. The' drift from mechanical 
cooling towers is on the order of O.OOSt of tower flow, while drift from 
natural draft towers is on the order of half that of mechanical towers. 
If the tower drift results in an increased salt load on the surrounding 
area of only a few percent of the natural salt deposition rate, the 
effect is probably minimal. 

Adverse environmental impacts due to drift are a local rather than a 
uniform national problem. Technology exists at a moderate cost which 
enables the integration of low drift levels into the overall tower 
design. In addition, proper location of the tower with regard to 
prevailing winds and the uses of surrounding land can be employed to 
meet stringent drift requirements. 

F ogging . Fogging is one of the more noticeable effects resulting from 
the installation of cooling devices. Fog results when warm, moist air 
mixes with cooler ambient air. As the warm, moist air cools, it may 
reach saturation and then supersaturation, when this occurs, the water 
vapor condenses and forms droplets of fog. The production of fog by 
cooling devices is primarily a function of local climatic conditions. 
Those areas normally susceptible to cooling tower fog are those areas in 
which natural fog occurs frequently. 

The fog plume from mechanical draft towers is emitted close to the 
ground. Under certain meteorological conditions, the fog may drop to 
the ground and could cause hazardous driving conditions on nearby 
roadways. Careful placement of the cooling device will eliminate most 
of the problems. If placement is unsatisfactory and creation of safety 
hazards is still anticipated, the use of a wet-dry tower can 
significantly reduce fog plumes. It should be noted that a wet-dry 
tower is more expensive than the conventional wet tower. 

Noise . The problem of noise pollution should be considered «rhile 
designing a cooling tower. All cooling totfers produce some noise due to 
falling water and/or the operation of fans. A three stage procedure 
usually results in adequate coverage of any noise problems if they are 
anticipated while in the cooling tower design stage. These include: 

1. Establishing a noise level which is acceptable to those within 
hearing range of the tower, 

2. Estimate the anticipated tower noise levels, taking into account 
distance to neighbors and location of the tower, and 
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3. A comparison of the tower noise level to that of the acceptable 
noise level. 

Only If the tower noise level Is In excess of the acceptable noise level 
Is corrective action necessary. 

If the tower noise Is of greater magnitude than normal refinery noise, a 
problem could exist In noise sensitive areas. Every effort should be 
made to locate these structures away from potential sources of 
complaint. Sound levels decrease with the square of the distance from 
the source of the noise. Walls and buildings may act as sould barriers, 
thus reducing any problems. Fam speeds can be reduced. If the tower is 
over-designed, thus reducing noise. Proper attention to noise problems 
during tower design and placement can avoid costly corrective measures. 

If the above procedures are unable to reduce noise levels to acceptable 
levels, sound attenuation can be achieved by modification of or addition 
to the tower. Discharge baffles and accoustlcally lined plenums can be 
utilixed; barrier walls or baffles can be erected. Proper design and 
operation can minimise the expense Involved In noise suppression. 

Adverse noise Impacts are a local rather than a uniform national 
problem. Technology is available at a moderate cost to reduce the noise 
impact due to the addition of cooling towers. 

Additional tPttaUajiififl 

There are certain situations ifhere the addition of a cooling tower or 
other cooling device could be Impractical or uneconomical. One of these 
situations is a location in a downtown area where the surrounding land 
is already highly developed and unavailable. In these situations, other 
alternatives exist such as Installing the cooling tower on the roof. In 
the basement, above a parking lot, or on land already in the possession 
of the cane sugar refinery. These alternatives may or may not result in 
significant cost increases. 

Other factors such as drift, fogging, and noise problems can be designed 
around in most situations. This may or may not result in signficiant 
cost increases. 


* 4 • 


143 


3256 





SECTION IX 

muf*^**^^^**^ REDUCTION ATTAINABLE THROUGH THE APPLICATmia nv 
the best PRACTICABLE CONTROL TECHNOLOGY 

EFFLUENT LIMITATIONS GUIDELINES AVAILABLE 

INTRODUCTIQ|J 

81 * 68 , ages and unit L^esJea various 

subcategory. Processes within the industrial category and/or 

Consideration must also be given to: 

b. The size and age of equipment and facilities involved; 

c. ihe process employed; 

"• typ«. 

Process changes; 

'■ *""^'““**“*1 i"P*« (includin, energy 

lie ...liable e.ph.elres 

the control “?b?‘ tSf ihclh^es 

considered to be nor.:!“?.cS^J"CltS* tjrjl'.^r 

reuSmtr'i^nf'SC.t'*be“LtfSf*: a°‘. "■* «h9ineerlng 

"currently available". As a result^acbnology to be 
Plants. aAd general ejfst 

the engineering and economic confidence in 

tl,«, Of con.truetlon or ln.t.ll.tlSn oJ'l5i“JXt?Jl'?IcinS«°^'' “ 
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EFFtUfiNl gfieaClISli LABLE^rOE^Xfifi C^£ 

^ATTI^BLE control technology gVBfiftPTfc i «** **« 

REFINIlig 

B..ea upon the i"‘o«.tion conta^ed in «ct^n. Ill 

this dScunent, It hss *>•“ .'‘‘‘“TiJJicn of the bMt practicable 
reduction attainable through is that resulting from maximum 

control technology S«tSe«ic cSndJnUr doling water, 

irilTrl.T^^‘orT£ll^^^^ 

'’£!?Uet;tc'«S 5 »".e^'^SouS water, attainable 

for this degree of reduction are shown xn Table le 


Effluep^ Limitations G uidelines P^Y?i 9 PffWfe 


rot the purpose of ISrl^'hypotSsitil *which"’'represent the 

pricesslng ^Int source =«•’“'• "f^LS^Jel eUdSl^ipe treatment 
sugar refining a.^ municiDal treatment systems or 

consists of either iiaste water stream. Neither of 

impoundage (total or ^he entire cane sugar refining 

th«e technologies is »vaUable to standards, it is 

segment. In '^^*^-5®''®i°*??^tatLn8^guidelines upon technology which 
necessary to base effluent li^tati industry segment. The technology 

is bS.e“ it wSXgin? treatment, n»ely 

on which the guidelines are bawa 18 ^ practicable technology, 

activated sludge. of wasle waters similar in 

demonstrated by its use in the cane suaar refining. Because this 

nature to those associated with c®"® ®"|“ Hther than exemplary 

technology i® fj^ ?he 'determination of water usages and 

plant approach is ^»^®" ^ to base effluent reductions 

n^Siranrcrstsiss^L^ 

raSr^^urag^! ‘SDrai"Tsl'?rw«Je%Sfdings Ire based upon average to 
poor, rather than exemplary in-plant control practice . 

The lnifl.1 step in «Sor «Str.«e.ml! 

the waste water effluent to water To these two 

berometic '“ndeneer cooling wew en ^ nuirose entrainment 

tS^ ilw “J K?«.tr“ ~^ene« cooling water «.d 

prevention in the case oi nrocess water stream. 

biological treatment lJr» are soecified for both waste 

Reasonable i®'^l® thl lJtlls of t?Stment specified in the 

ai sugar ^focessing lsil!& fifiilfSfi 
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dttainable. The guidelines have been relaxed to allow for {KjKaibie 
operational problems resulting from a specified treatment technigje 
(activated sludge biological treatment) which, while practicable, is not 
currently industry practice. 

It is felt that the effluent limitations guidelines presented in this 
section are reasonable and technically easily achievable through the 
application of improved in-plant controls and the addition of an 
appropriate treatment system to treat the process water stream. The 
conservative rather than the exemplary plant approach was taken to 
ensure that the effluent limitations guidelines are viable to the cane 
sugar refining industry as a whole and because the activated sludge 
treatment system, while practicable, is not currently industry practice. 

g025. The final BOD5 limits were derived by separating the waste water 
effluent to reflect the two major waste streams, barometric condenser 
cooling water and process water. It is assumed that the model 
biological treatment system will attain reductions in the process water 
B0D5 loading to 60 and 100 mg/1 for the crystalline and liquid cane 
sugar refining subcategories, respectively. it is assumed that by 
utilizing proper control, the net BOD 5 associated with the barometric 
condenser cooling water stream will be limited to 10 mg/1. The addition 
of the net BOD^ attributable to the barometric condenser cooling water 
stream to that amount of BOD^ incorporated into the process water 
effluent stream results in the limitation guideline. Where the 
barometric condenser cooling water and process water streams are mixed 
and impossible to measure separately prior to discharge, the BODS value 
should be considered net. 

This does not imply that plants must necessarily duplicate the assumed 
raw waste loadings, water usage, and treatment efficiencies, it is 
possible for plants to achieve the indicated final effluent waste 
loadings by operating at lower average treatment efficiencies but 
receiving lower pollutional raw waste loadings and/or using less process 
or barometric condenser cooling water. In addition, an entirely 

approach such as disposal by controlled irrigation or 
controlled land impoundage may be employed. 

The final effluent TSS limitations were derived by assuming 
process water TSS loading reductions to 60 and 100 mg/1 for the 
crystalline and liquid cane sugar refining subcategories, respectively. 
No TSS limit has been established for the barometric condenser cooling 
water stream because of the low TSS raw waste loading associated with 
tnis waste water stream, where the barometric condenser cooling water 
and process water streams are mixed and impossible to measure separately 
Pi^ior to discharge, the TSS value should be considered net. 

Esi^ijhinent ftyfijagg Effluent Limitations Gu idelines . Based 

upon an analysis of biological treatment systems operating on wastes 
similar in nature to those associated with cane sugar regining and upon 
engineering judgement, the following ratios of daily maximum to monthly 
average limitations are established: 
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Barometric condenser cooling water will be three times the 
monthly average for BOD^ for both the crystalline and liquid 
cane sugar refining subcategories. 


~ Process water will be two times the monthly average for B0D5 and 
three times the monthly average for TSS for both the crystalline 
and liqpiid cane sugar refining subcategories. 

£tgdtf9ti9n Basis. The average permitted effluent level should be the 
recommended level, expressed as kq/tkq (Ib/ton) of melt, multiplied by 
the present daily processing rate, expressed as kkq (ton) per day of 
melt. It is recommended that the daily processing rate be based on the 
highest average rate sustained over thirty (30) consecutive days (not 
necessarily continuous) of full normal production. This should provide 
a period of time long enough to dampen the effect of non-typical minimum 
or maximum periods and allows for a limitation based on actual 
production history rather than on rated capacity. 

recommended that for combined crystalline-liquid cane sugar 
r®^ineries, the limitations be based on a weighted average of those 
fractions of liquid and crystalline production. 

2t fisat Control Technology Currently 

Best practicable control technology currently available for the cane 
sugar refining segment of the sugar processing category is the recycle 
and reuse of certain process waters within the refining process, the 
minimization of sucrose entrainment in barometric condenser cooling 
water, the elimination of a discharge of filter cake, and the biological 
of excess process waters. Implementation of this requires the 

following: 

a. Collection and recovery of all floor drainage. 

b. Minimisation of sucrose entrainment in barometric condenser 

cooling »#ater by the use of improved baffling systems, 

demisters, and/or other control devices. 

c. Dry handling of filter cakes after desweetening with disposal to 
sanitary landfills, or complete containment of filter cake 
slurries. 

d. Biological treatment of all waste water discharges other than 
uncontaminated (non-contact) cooling water and barometric 
condenser cooling water. 

6ogin99rtnq-AlP9gf of control Tect^nla u e Applications 

technology defined for this level is practicable. There are 
refineries which currently collect all floor drainage. Most refineries 
currently achieve either dry handling or complete containment of filter 
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devices described for entrainment control have 
been demonstrated by various refineries. Biological treatability of 
waters has been demonstrated by the twelve refineries 
that discharge process water to municipal biological treatment systems. 

Tne costs of attaining the effluent reductions set forth herein are 
summarized in Section VIII, gogt, EQgygy, ^ jtop- water Quality Aspects . 

The investment costs associated with this level of technology represent 
approximately 2% of the total investment needed to build the typical re¬ 
finery. The total capital cost to the cane sugar iefiniV^eg^it L 
S5,910,000. It is estimated that S5.6 million of this 
InTlhlt crystalline cane sugar refining subcategory 

sCiraJegorj. is associated with the liquid cane sugar refining 


Non-wat 


iviror 


s^ctiS^ ro2Z P <?uality environmental impacts are summarized in 

conce?2 is Mon-watgr Qa^ity Aspects . The major 

i ^ strong reliance upon the land for ultimate disposal of 
However, the technology is available to assure that land dis¬ 
posal systems are maintained commensurate with soil tolerances. 

A secondary concern is the generation of solid wastes in the form of 

u2oons in possibility of odors resulting from impoundage 

lagoons. In both cases, responsible operation and maintenance 

punning ha,, been sho-n to 

-I crystalline cane sugar refining subcategory and 0.6* for 

the liquid cane sugar refining subcategory. 

Eictorg to be considered in Applying Effluent Limitiaiiinnfl 


nations 


The above assessment of what constitutes the best practicable control 
S'" availabl. is predicated on'^the ieSl^.iSrori 

degree of uniformity among retlneriee that, strictly speaking, does not 

alternatlvl2^/f « various treatment control 

' discharge of waste waters to municipal treatment 
21 , - requirements and benefits associated with each, 

^^^^ved that the data in these tables can be a valuable aid in 

insnil2tionsr°*'^^* associated solutions for individual 
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SECTION X 

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF 
THE BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE 
EFFLUENT LIMITATIONS GUIDELINES 


The effluent limitations which must be achieved by July 1, 1983, are to 
specify the degree of effluent reduction attainable through the 
awlication of the best available technology economically achievable. 
The best available technology economically achievable is not based upon 
an average of the best performance within an industrial category, but is 
to be determined by identifying the very best control and trea^ent 
technology employed by a specific point source within the industrial 
category or subcategory, or where it is readily transferable, 
industrial process to another. A specific finding must be made to 
the availability of control measures and practices to eliminate the 
discharge of pollutants, taking into account the cost of such 
elimination. 

Consideration must also be given to; 

(a) the age of equipment and facilities involved; 

(b) the process employed; 

(c) the engineering aspects of the application of 
various types of control techniques; 

(d) process changes; 

(e) cost of achieving the effluent reduction 
resulting from application of the best 
economically achievable technology; 

(f) non-water ({uality environmental impact 
(including energy requirements). 

In contrast to the best practicable control technology currently avail¬ 
able, the best economically achievable technology assesses the availa¬ 
bility in all cases of in-process controls as well as control or addi¬ 
tional treatment techniques employed at the end of a production p cess. 

Those plant processes and control technologies vrhich at the plant 

semi-works, or other levels, have demonstrated both technological per¬ 
formances and economic viability at a level sufficient to reasonably 
iustify investing in such facilities may be considered in assessing the 
^st available economically achievable technology. The best available 
economically achievable technology is the highest degree of control 
technology that has been achieved or has been demonstrated to be capable 
of being designed for plant scale operation up to and including no 
discharge" of pollutants. Although economic factors are considered in 
this development, the costs for this level of control are intended to be 
the top-of-the-line of current technology subject to limitations im^sed 
by economic and engineering feasibility. However, the best available 
technology economically achievable may be characterized by some 
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technical risJc with respect to performance and with respect t'o certainty 
of costs. Therefore, the best available technology economically 
achievable may necessitate some industrially sponsored development %»ork 
prior to its application. 


EFFLUENT REDUCTIO N ATTAINABLE TBBOUGH THE APPLICATION OF THE BEST 
AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE—EFFLUENT LIMITATIONS 
GUIDELINES 

Based upon the information contained in this document, it has been 
determined that the degree of effluent reduction attainable through the 
application of the best available technology economically achievable is 
that resulting from the technology of cooling and recycling barometric 
condenser cooling water with biological treatment of the blowdown and 
the addition of sand filtration to further treat the effluent from the 
biological treatment system. The effluent levels attainable for this 
degree of reduction are shorn in Table 1. 

% 

Effluent L imitations Guidelines Development 

The effluent limitations guidelines associated with best practicable 
control technology currently available (discussed in Section IX) %fere 
modified from those levels which were proposed in the December 1973 
Development Document, to reflect the possible operational problems 
associated with the application of a treatment technique (activated 
sludge biological treatment) which is not currently industry practice. 
It is felt that by 1983 there will be sufficient experience gained by 
operators of these systems to minimize these operational problems. The 
levels of reduction recommended for best available technology 
economically achievable reflect this feeling. 

BODS. Based on improved operation of the properly designed biological 
treatment system, effluent BOD^ levels of 40 mg/1 for the crystalline 
and 75 mg/1 for the liquid cane sugar refining subcategories have been 
determined to be realistic. No credit for BOD5 removal as a result of 
solids removal in the sand polishing operation has been assumed. This 
is because of the uncertainty at present of the ratio of soluble to 
insoluble BOD in the effluent from the biological treatment system. The 
effluent limitations guidelines recommended through application of the 
best available technology economically achievable may have to be 
modified at a later date to reflect that amount of BOD5 which is removed 
in the sand polishing step. 

TSS. It has been determined that at the effluent waste loadings 
entering the sand filtration units from the activated sludge system, a 
waste loading from the sand filtration units of 15 mg/l TSS can be 
readily achieved. 

Establishment of Daily Average Effluent Limitations G uidelines . Based 
upon an analysis of biological treatment systems operating on wastes 
similax* in nature to those associated with cane sugar refining and upon 
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engineering judgment, the following ratios of dally maximum to monthly 
average limitations are established: 

i — BOD5: The dally maximum will be two times the oonthly average 
for both the crystalline and liquid cane sugar refining 
subcategorles. 


TSS: The dally maximum will be three times the monthly average 
for both the crystalline and liquid cane sugar refining 
subcategories. 


Production Basis. The average permitted effluent level should be the 
SfSSended^evel, expressed as kg/kkg (Ib/ton) of melt, multiplied by 
the present dally processing rate, expressed as kkg (ton) ^r day of 
melt. It Is recommended that the dally processing rate be based on the 
highest average rate sustained over thirty (30) consecutive days (not 
necessarily continuous) of full normal production. This shwld provide 
a period of time long enough to dampen the effect of non-typlcal ^nlmum 
or maximum periods and allows for limitations based on actual production 
history rather than on rated capacity. 


It Is recommended that for combined crystalline - liquid cane sugar 
refii.eries, the limitations be based on a weighted average of those 
fractions of liquid and crystalline production 


Identification 


Achievable 


Best available technology economically achievable for the 
refining segment of the sugar processing industry is that technol^y 
described in Section IX of this document with the addition of a cooling 
and recycling system for barometric condenser cooling water, with the 
blowdown from the recirculation system being discharged to the 
biological treatment system, and the addition of sand filtration to 
further treat the effluent from the biological treatment system. 
Implementation of this technology requires the following: 


a. That technology described as best practicable control technology 
currently available, discussed in Section IX. 

b. The addition of a cooling device to allow for the recirculation 
and reuse of barometric condenser cooling water. 

c. The expansion of the biological treatment system, %#hich treats 
the process water streanif in order to treat the blowdown from 
the barometric condenser cooling water recirculation system. 


d. The addition of sand filtration to further treat the effluent 
from the biological treatment system. 

jQternatlves to this system could Include controlled irrigation with all 
or a portion of the waste water streams, controlled impoundage of the 
waste water streams, the addition of surface condensers to replace 
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ometric condensers (thus eliminatlnq sucrose entrainment in condenser 
)linq waters), or the further reduction of sucrose entrainment ir 
ometric condenser cooling water. 


i effluent limitations guidelines are based on the treatment of all 
!te water streams. It is possible that through the apolication of 
jroved control devices, sucrose entrainment in condenser cooling water 
lid be further minimized or, as some industry sources havp indicated, 
fht be totally eliminated. One factor in applying the effluent 
citations specified as best available technology economically 
lievable is the issue of net versus gross limitations. The Agency 
rognizes that in certain instances pollutants may be present in the 
rigable waters which supply a plant's intake water in significant 
icentrations which may not be removed to the levels specified in the 
idelines by the application of the best available technology 
jnomically achievable or its alternatives. At the time of publication 
this document, the Agency was reviewing the net versus gross issue 
i was contemplating amendments to its NPDES permit regulations which 
lid specify the situations in which the Regional Administrator may 
Low a credit for such pollutants. 

lincerin q As pect s of control T echnique Applications 

? recirculation of barometric condenser cooling water is currently 
icticed by five cane sugar refineries utilizing cooling towers, spray 
ids, and canal systems. The biological treatment of the blowdown from 
? barometric condenser cooling water recirculation system has been 
nonstrated to a limited extent in the cane sugar refining industry 
le refinery discharges cooling tower blowdown to a municipal treatment 
stem) and to a greater extent in the soaps and detergents, oil 
'ining, and grain milling industries. Sand filtration is a well- 
r'ons'rated polishing technique, widely used in bot.h water supply and 
waste water treatment. 

3 ts of Application 

» costs of attaining the effluent reductions set forth herein are 
nmarized in Section VIII, Cost. Energy, and Non - wate r Quality Aspects . 

5 investment costs associated with the level of technology represent 
proximately 3.5 percent of the total investment needed to build the 
pical refinery. The total capital cost to the cane sugar refining 
jment is approximately $15,000,000 or $9,100,000 above that required 
achieve the best practicable control technology currently available, 
is estimated that $14.2 million of the total is associated with the 
i^stalline cane sugar refining subcategory and that $0.8 million is 
3ociated with the liquid cane sugar refining subcategory. 

ier the most adverse conditions, which are presently not anticipated, 
» costs of application of this technology could, in some instances, 
3 ult in significant cost increases, as discussed in Section VIII. 
rfever, the provisions of the "Act" provide for the consideration of 
jsual adverse economic affects which would result from compliance with 
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these limitations. On an infividual basis the "Act" provides that the 
Administrator may modify the effluent limitatiws guidelines upon a 
showing by the owner or operator that such modified requirements will 
represent the maximum use of technology within the economic capability 
of the owner or operator and will result in reasonable further progress 
toward the elimination of the discharge of pollutants. 


Non - water Quality Environmental ImpaS^ 


The non-water quality environmental impact would be an intensification 
of those impacts described in section IX, plus those .. 

with cooling devices (i.e., drift, fogging, and noise). Drift, fogging, 
and noise can be reduced through proper design and location, and can be 
minimized in most situations. 


It is estimated that the increase in energy necessat/ to implement the 
ieqiltSd JSitrol and trMtaent ..Kjunt. to 6.1« of the oorrent energy 
usage for the crystalline cane sugar refining subcategory and 1.9% for 
the liquid cane sugar refining subcategory. 




L*l«i f 1- f V I'i 








The same factors as discussed in Section IX sho^d be 
this level. For refineries in rural areas, spray ponds or irrigation 
canals may be more feasible for recycling barometric condenser cooling 
w“er than cooling towers. Tables 21, 22, and 25 list various tr^tment 
and control alternatives and summarize the requirements and benefits 
associated with each. 
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SECTION XI 

NEW SOURCE PERFORMANCE STANDARDS 


INTRODUCTION 

economically existing point source dischar^s 

July 1, 1977, and July 1, 1983, respectively, the Act reouires thii- 
performance standards be established for new sources. ?h^ teL Ztl 
source" IS defined in the Act to mean "any source, the const^uSiL of 
which IS commenced after the publication of ^oposeS ^e^iaJions 
prescribing a standard of performance". New source te^ology shall be 
TUtT’' ?r adding to the consideration underlyin^tK iSentutcition 
available technology economically achievable a determination of 
levels of pollution control are available through the use of 
production processes and/or treatment techniques. Thus in 
addition to considering the best in-plant and end-of-process control 
technology, identified in best available technology economically 

technology is to be based upon an^Lalysis of hoi 

itself ^ Alter^i^iC* ^ reduced by changing the production process 
Alternative processes, operating methods or other alternatives 

However, the end result of the analysis will be to 
identify effluent standards which reflect levels of control aohiovAhio 

improved production processes (as well as control 

^ PTticular ty^ Of Lo?e4 SJ 
technology which must be employed. A further determination which must 

dtscSfr^ ofpor^ta'StTIs^pirc^iS'ba! - 


S pecjtig . Fac^Pfs to be Taken intp y 9 n 8 ideration 


At least the 

production 

technology: 


^®ll®wing factors should be considered with 
processes which are to be analyzed in assessing 


respect to 
new source 


(a) the ty^ of process employed and process changes; 

(b) operating methods; 

(c) batch as opposed to continuous operations; 

(d) use of alternative raw materials and mixes of 
raw materials; 

(e) use of dry rather than wet processes (including 

substitution of recoverable solvents for water)• 
and ' • 

(f) recovery of pollutants as by-products. 


ig m m SAM Sim Bgiiitiis sisiiaa 2£ 


Because of the large number of 
practices, design of equipment, and 


specific improvements in management 
processes and systems that have some 
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potential of development, it is not possible to determine, within 
reasonable accuracy, the potential waste reductions achievable through 
their application in new sources. However, the implementation of those 
in-plant and end-of-pipe controls described in Section VII, control jmd 
Treatment Technology , would enable new sources to achieve the effluent 
discharge levels defined in Section X. 

The short lead time for application of new source performance standards 
(less than a year versus approximately four and ten years for other 
guidelines) affords little opportunity to engage in extensive 
developsient and testing of new procedures. The single justification for 
more restrictive limitations for new sources than for existing sources 
would be one of relative economics of installation in new plants versus 
modification of existing plants. There is no data to indicate that the 
economics of the applicatici of in-plant and end-of-pipe technologies 
described in Section VII, ggottfli TgWtWtnt ISStogjggx » be 
significantly weighted in favor of new sources. 

The attainment of zero discharge of pollutants does not appear to be 
feasible for cane sugar refineries, other than those with sufficient and 
suitable land for irrigation or total Impoundage of waste waters. 

In view of the aforegoing, it is recommended that the effluent 
limitations for new sources be the same as those determined to be best 
available control technology economically achievable, presented in 
Section X. 
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SECTION XIV 


GLOSSARY 


Affination - Washing to remove the adhering film of molasses from the 
surface of the raw sugar crystal, the first step in the refining 
operation. 

Affination Centrifugal - A high speed centrifugal which separates syrup 
and molasses from sugar. Syrup from this centrifugal is recycled to the 
mingling phase of refining. 

Alkalinit y - Alkalinity is a measure of the capacity of water to 
neutralize an acid. 

Alphanaphthol Test - A test for sucrose concentration in condenser 
water. The method is based on a color change which occurs in the 
reaction of the inorganic constituents. 

Ash Content - In analysis of sugar products, sulfuric acid is added to 
the sample, and this residue, as "sulfated ash" heated to 800®C is taker, 
to be a measure of the inorganic constituents. 

Barometric Condenser - see Condenser, Barometric. 

Barometric Leg - A long vertical pipe through which spent condenser 
water leaves the condenser. Serves as a source of vacuum. 

Barometric Leg Water - Condenser cooling water. 

Biological Wastewater Treatment - Forms of waste water treatment in 
which bacterial or biochemical action is intensified to stabilize, 
oxidize, and nitrify the unstable organic matter present. Trickling 
filters, and activated sludge processes are examples. 

Blackstrap Molasses - Molasses produced by the final vacuum pans, and 
from which sugar is unrecoverable by ordinary means. Blackstrap is 
usually sold for various uses. 

BODS - Biochemical Oxygen Demand is a semiquantitative measure of bio¬ 
logical decomposition of organic matter in a water sample. It is deter¬ 
mined by measuring the oxygen required by micro-organisms to oxidize the 
contaminants of a water sample under standard laboratory conditions. 
The standard conditions include incubation for five days at 20®C. 

Boiler Ash - The solid residue remaining from combustion of fuel in a 
boiler furnace. 

Boi ler Feedwater - Water used to generate steam in a boiler. This water 
is usually condensate, except during boiler startup, when treated fresh 
water is normally used. 
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poily Blowdown - Discharge from a boiler system designed to prevent a 
buildup ot dissolved solids. 

Bone Char - An adsorptive material used in cane sugar refineries %#hich 
i* utilized in the removal of organic and inorganic impurities from 
sugar liquor. 

calandrla - The steam belt or heating element in an evaporator or vacuum 
pan, consisting of vertical tube sheets constituting the heating 

surface. 

calandria Evaporator - An evaporator using a calandria; the standard 
evaporator in current use in the sugar industry. 

calandria Vacuum Pan - A vacuum pan using a calandria; the standard 
vacuum pan in current use in the sugar industry. 

Centrifugation - A procedure used to separate materials of differing 
densities by subjecting them to high speed revolutions. In sugar pro¬ 
cessing, centrifugation is used to remove sugar crystals from 
masseculte. 

Char Cistern - Cylindrical vats, measuring approximately 10 feet in 
diaMter by 20 feet deep, which contain approximately 40 tons of bone 

char. 

clarification - The process of removing undissolved materials (largely 
insoluble lime salts) from cane juice by settling, filtration, or 
flotation. 

coagulation - In water and waste water treatment, the destabilization 
and initial aggregation of colloidal and finely divided suspended matter 
by the addition of a floe-forming chemical or by biological process. 

C»D - chemical Oxygen Demand. Its determination provides a measure of 
the oxygen demand equivalent to that portion of matter in a sample which 
is susceptible to oxidation by a strong chemical oxidant. 

Condensate - water resulting from the condensation of vapor. 

Condenser - A heat exchange device used for condensation. 

Barometric: Condenser in which the cooling water and the vapors 
are in physical contact; the condensate is mixed 
in the cooling water. 

Surface: condenser in which heat is transferred through a 

barrier that separates the cooling water and the 
vapor. The condensate can be recovered separately. 

Condenser Water - Water used for cooling in a condenser. 


166 


A-418 


3274 


Crv8tjil^z»tiQn - The process through which sugar crystals separate from 
massecuite. 

Decanting - Separation of a liquid from solids by drawing off the upper 
layer after the heavier material has settled. 

PecQlorization - The refining process of removing color from sugar. The 
predominantly used methods involve the use of bone char, granular acti¬ 
vated carbon, vegetable carbon, or powdered activated carbon. 

Pefecants - Chemicals which are added to melt liquor in order to remove 
remaining impurities. They include phosphoric acid (or carbon dioxide) 
and lime. The result of the treatment is the neutralization of organic 
acids and formation of a tri-calcium phosphate precipitate which 
entrains much of the colloidal and other suspended matter in the liquor. 

Defecation Process - A method for purifying the cane juice involving 
lime, heat, and a small amount of phosphate. The result is the 
formation of an insoluble precipitate irhich is then removed in the 
clarification process. 

Demineralization - Removal of mineral impurities from sugar. 

Dextrose - Glucose. An invert sugar with the formula C6H1206. Dextrose 
is a minor component of raw sugar. 

Diatomaceo us E arth - A viable earthy deposit composed of nearly pure 
silica and consisting essentially of the shells of the microscopic 
plants called diatoms. Diatomaceous earth is utilized by the cane sugar 
industry as a filter aid. 

D jsaccharides - A sugar such as sucrose composed of two monosaccharides. 

D^O. - Dissolved Oxygen is a measure of the amount of free oxygen in a 
water sample. It is dependent on the physical, chemical, and 
biochemical activities of the water sample. 

"Effect" - In systems idiere evaporatori' are operated in series of 
several units, each evaporator is )cnown as an effect. 

Entrainmen t - The entrapment of liquid droplets containing sugar in the 
water vapor produced by evaporation of syrup. 

Evaporator - A closed vessel heated by steam and placed under a vacuum. 
The basic principle is that syrup enters the evaporator at a temperature 
higher than its boiling point under the reduced pressure, or is heated 
to that temperature. The result is flash evaporation of a portion of 
the water in the syrup. ...• 

Ealne Crys tals - New sugar crystals which form spontaneously without the 
presence of others. This event is undesirable, and therefore vacuum pan 
conditions are maintained in a narrow range of sucrose concentration and 
temperature which precludes their formation. 
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nitst £4M - The residue reMinin, after filtration of the .lodge 

^5^e<5 by the clarification process. 

^ ^re-a/ u" S^tfgriftJanMl oJHSnde'rnS-orglKc.TiJi^rJ 

cane sugar refinerye 

niter asjs - I" the past the noet . jLpl“«d efficlen? 

Ssrrnd “ii^’fiU^ ,SiSnilo.rfn««nu?L to .ith Olarified 
juice and be sent to the evaporators. 

PWid Bsd. - A filter or adsorpti^ Md *ere the entire media is 
iifSMt?d"before any of the media is cleaned. 

.u;peS.iir?r.rgrU«e‘”£:« r.aSr’i™ps““hrcr‘!«' iSrJ 

easily removed. 

-a - water used to wa.h factory or refinery floor, and e<raip.ent. 

nsSSiiSE - The raisin, 

Srh«tr“ ;."o^e"rr.riro«‘pS*.i:l^“-‘«d mi .ih..,uent removal 
of the scum by skimminge 

frothing rlerifiers - Flotation devices that separate tri-calcium 
^osphate precTpIt^e from the liquor. 

y^rfural - An aldehyde C4H30CHO used in making Furaw and as a resin. 
Glucose - Dextrose. 

GPP - Gallons per day. 

GPU - Gallons per minute. 

produced from this process. 

Granulation - The process whichremoves remaining moisture from sugar, 
Srall^ Sparating the crystals from one another. 

-nr.*ullill”''rl‘.»;S V r'llilisiS '?lto Hirsl^rnS 

fructose and represents lost production. 
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Impoundment - A pond, lake, tank, basin, or other space which is used 
for storage of waste water. 


Impurities - Fine particles of bagasse, fats, waxes, and gums conrairfd 
in the cane juice after milling. These impurities are reducr-d by 
successive refining processes. 

Invert sugars - Glucose and fructose formed by the splitting of sucrose 
by the enzyme sucrase. 

Ion exchange - Reversible exchange of ions contained in a crystal tor 
different ions in solution without destruction of crystal structure or 
disturbance of electrical neutrality. Used in sugar refining for color 
removal or removal of impurities. 

I52D Exchange Resins - Resins consisting of three-dimensional networks to 
which are attached ionlzable groups. 

Isomers - Two or more compounds containing the same elements ind having 
the same molecular weights, but differing in structure and properties, 
e.g. glucose and fructose. 


Juices 

Clarified: The juice obtained as a result of the clarification 

process, and synonymous with evaporator supply when 
the filtered juice is returned to the mixed juice. 

Mixed; Tne juice sent from the extraction plant to the 

boiling house. 


X/gyuIOse - Fructose. An invert sugar composed of six carbon chains with 
the formula C6H1206. Levulose is a component of raw sugar. 

Maima - A heated sugar syrup solution to which raw crystals have been 
added. 


Magma mjngler - A revolving coiled mixer in which magma is heated in 
order to facilitate loosening the molasses film from raw sugar crystals; 
the first step in the refining process. 

Massecuite - Mixture of sugar crystals and syrup which originates in 
the boiling of the sugar (literally cooked mass). 

MU Liquor - Molten sugar to which has been added a small amount ot 
water (half the weight of the sugar). 

MGD - Min^or. gallons per day. 

" Milligrams per liter (equals parts per million, ppm, %#hen the 
specific gravity is unity) . 

Moisture - Loss in weight due to drying under specified conditions, 
expressed as percentage of total weight. 


J • 
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Molasses • A ''ark-colorad ayrup 
procaaaing cane ^nd beet sugar. 


containing non-sugars produced in 


wonosaccharides - Simplified form of sugar. 


Moving Beds - A filtration or adsorption bed where the media is con- 
s^ntly Being removed and fresh media added. 


Mud - The prrr.ipitated sludge resulting from the clarification process. 

Multiple Effect Evaporation - The operation of evaporators in a series. 

Nutrients - The nutrients in contaminated water are routinely analyzed 
to characterize the food available for micro-organisms to promote 
organic decomposition. They are: 

(NH3) , mg/l as N 
iTleldahl KitrMfiP (ON), mg/l as n 
N itrate Nitrogen (N03), mg/l as N 
Total Phosphate (TP), mg/l as P 
Ortho Pho?iPhate (OP), mg/l as P 


Sg - pH is a measure of the negative log of hydrogen ion concentration. 

Phases of Supersatur>.tion - metastable phase in which existing sugar 
crystals grow but new cryetai*? do not form; the intermediate phase in 
which existing crystals grow and new crystals do form; and the labile 
phase in which new crystals form spontaneously without the presence of 
others. 

f lats and Freune Filter - A filtering device consisting of a fastened 
nside a metal frame. 

POL - The value determined by single polarization of the normal weight 
of*a sugar product made up to a total volume of 100 milliliters at 20®C, 
clarified when necessary, with dry lead subacetate and read in a tube 
200 milliliters long at 20®C, using the Bates-Jackson saccharimeter 
scale. The term is used in calculations as if it were a real substance. 


velectrolvtes - Coagulent aids consisting of 
ecules. 

Precoat Filter - A type of filter in which the media 
existing surface prior 


to filtration. 


long chained organic 
is applied to an 


Raw Sugar - An intermediate product consisting of crystals of high 
purity covered with a film of low quality syrup. 


Recrvstallization - Formation of new crystals from previously welted 
sugar liquor. Recrystallization is encouraged by evaporators and accom¬ 
plished in vacuum pans. 
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SS2?fjiSs!.i“r" 

fiSmelt - A solution of low grade sugar in clarified juice or water. 

!!!!!^“ 

crytdls Which provide a surface for continued 
IgSJI^ - The material Which collects in the bottoe portion of a 

i^flts' l«cely'“or'?nsSlSbli‘*lf.l"^e?r* process. It 

^-uijSJ%.t“raeJjr:nd ?C^s. iJSira'Lei'nl^'^:; 

sillSI maj b^”lSrrild”to'facili?aJe'^handrii9f' 

Sibils.* ™es"t°?y=pe^''S%o?Ls’Sif= on water 


I2tal^ solids (TS): 


The material left after evaporation and 
drying of a sample at 103® to 105® c. 


Di82oived_2oli^ (DS) ; The difference between the total and 

suspended solids. 

ii2laiiiS_S2ii^ (VS); Organic material which is lost when 

the sample is heated to 550®c. 

sgt ^eable Sg^ds (STS); The materials which settle in an 

Imhoff cone in one hour. 

i«fJi^olSa?l?^„lMsr’'?a f" biological oxi- 

ated transfe? of o'j^^rti’tjr^t^j f?o:*a“!^ Ttificially acclsr- 
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\ 


strike - The waesecuite content of a vacuum pan. 

SSSSS”.“t «SI.“!/'«yln/a.9r... of purity. MUned can. augar 
eseentially 100 percent sucrose. 

5™, . The .ucroa. cryatala. Including adharlng nether liquor, 

remaining after centrifugation. 


co™.rcl.li sugar fron high grade »a...cult., uhlch enter. Into 
10. Grade: sS^ririn lo. grad. na...culte, .ynonynou. with 

«“= ErS!nLsnrerirSnr.i;i« 

issued by the United States Department of Agr 
culture. 

rif a solution when it contains more 

r„*d‘™;U.fl«d*1Si«", ory.t.1 growth cogence.. 

Surface ?ondeng£r - see condenser. Surface. 

SiiSEsnasd o5%SJSnSef iSte? 

:srb.“.rn!»d: “.inTr^S^uJil .ourc.. a. iron eroaion. 

Vapor - steam liberated from boiling eugar liquor. 

“^eSJ^pin^Sd'iSrS; ^«ion"ort*he'bol”'”“‘°' 

V.p.tabl. carbon - h ««>l» •“«*' decolorlratlon. 

waete SSriJia * «>y produced by a refinery. 
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11. Excerpts from “Development Document for Proposed 
EfSuent Limitations Guidelines and New Source Per¬ 
formance Standards for the Beet Suoab Processing 
Subcategory of the Sugar Processing Point Source 
Category,” U.S. Environmental Protection Agency 
(August, 1973) 
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Th« varlouB unit operations required for converting 
refined sugar are many and complex* but they are essentj 
in all plants in this country. The basic processes coni 
diffusion* juice purification* evaporation* crystalllxat. 
of sugar. 

The sugar beet harvesting* piling and processing p 
different sections of the country. The processing seas 
extends from early October to late February or 

North Dakota, Minnesota, and the Rocky 
the length of the processing season is variable 
being highly dependent upon climatic con 
the beet processing season may extend from 
beet processing campaign is a s 


Miphigan* 

However * 
intermittent* 
warmer areas* 

December. The sugar 
operating on a 24-hour per day 
campaign and from 40 to more than 
single plant. 

Incoming sugar beets contain 
percent non-soluble matter 
process for the extraction 
byproduct molasses (the " 
industry. Some plants also have an 
process," for the extraction of additional sugar 
a plant is a "straight house" or a 
product of the beet sugar 
straight house or non-Steffen 
containing approximately 85 percent 

Jhe weight of beets sliced. Sugar extraction ThS* 

house or non-Steffen process is 

process operation enables the plant to extract additional sugar 

molasses produced in a straight house operation and, e-^ 

the production may be 85 percent efficient in total extraction 
suaar from raw beets. Of the total of 53 beet sugar processing 
in^the O.S. at present 20 of these plants utilize the Steffen process. 

In recent years* there has been a trend toward using a 

beet! i.e. lower sugar content. The lower purity of beets is attributed 

to their harvest prior to maturity in order to 

cessing rates and*^therefore a longer processing season. 

_ —jr 1 a hriA^anread fertilizer use, and increased 


between 10 to 16 percent sugar* about b 
(called "marc") and water. The initial 
of purified sugar and.the formation of 
straight house") is identical throughout the 
additional operation, the "Steffen 
: from molasses. Whether 
MSteffen process" operation* the end 
processing plant is refined sugar. Ih the 
processes the byproduct molasses 
solids and 15 percent water results, 
nts for approximately 4.5 percent of 

The Steffens 
: from the 
with this addition. 


PkODUCT 

SUGAR 


SUGAR 

BEETS WATER 


WATER 


Crystallize 

Evaporation 


Sugar 

Extraction 


Purification 


STRAlGirr 

IDUSE 


Preparation 


Itolasses 


Calcium 

Saccharate 


Additional 

Extraction 


STEFFEN 

PROCESS 


STEFFEN 

FILTRATl 











similar waste treatment systems. As with other factors considered, 
wastes and treatment systems, show some variations (e.g., increases in 
total waste loads as lime mud slurry from Steffen plants), however, the 
variations are not sufficient in magnitude to warrant sul>categoriration 
on this basis. Typical waste water constituents, waste loads, and flow 
data for the beet sugar processing segment of the sugar processina 
industry are included in Table VI. 


The difference in waste load by comparison of a Steffen to a non-Steffen ' 
beet sugar processing plant results from additional lime use in clarifi- | 
cation of sugar solution, the generation of Steffen filtrate, and the 1 
possibility of additional organic entrainment of barometric condenser i 
through the additional concentration process in the Steffen 
lo practical terms, these additional waste sources present • 
little impact on the total plant pollutional waste load volumes and 
effects under present waste disposal practices.. a Steffen house 
op**'*tion nay contribute a lime mud slurry volume of 680 and BODS of 9.5 
kg/kkg (180 gal and 19 lb/ ton) of beets sliced in comparison to 340 1 
and 3.2 kg per kkg (90 gal and 6.5 Ib/ton) of beets sliced for a non- 
Steffen process. Under present plant practices, the relatively small 
lime slurry volume generated at beet sugar processing plants (Steffen or I 
non-Steffen) is disposed of on land «fithout discharge to navigable 
Steffen filtrate, resulting from extraction of sugar from 
molasses in the Steffen process, is universally concentrated for 
byproduct recovery or disposed of on land without discharge to navigable 
waters. The Steffen filtrate is a small volume waste of 510 1/kkg (120* 
gal/ton) of beets sliced of high pollutional load of (5.2 kg BOD5/kkg 
(10.4 Ibs/ton) of beets sliced. Additional sugar entrainment in the 
evaporation and crystallization process may be expected to result in an 
increase of .05 kg BOD^/kkg (0.1 Ib/ton) of beets sliced in a Steffen 
process as compared to .25 kg BOD^/kkg (0.5 Ibs/ton) of beets sliced 
commonly expected for a non-Steffen process. The additional waste load 
is not significant and may be reduced or eliminated by the identical 
technology judged applicable to a non-Steffen process. 

Raw Materials and Pinal Products 


Raw materials (e.g., sugar beets, water, limestone, and fuel) and final 
products do not provide a bas/s for subcategorization of the industry, 
as the essential- characteristics of these materials are consistent 
throughout the industry. Unimportant variations in the composition of 
these materials may exist as exemplified by sugar beets themselves. The 
beets will vary slightly in quality and characteristics primarily in 
terms of the sugar content and amount of associated incoming "tare* and 
debris. These variations are not unique and are experienced throughout 
the industry and are influenced by cultural practices, care ^n 
harvesting of the beets, climatic conditions and handling procedures. 
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.ttrib«t.d to the .eleaee of soluble 
those deteriorating as a result of pw swage 

regions. The leaching losses of jjj^.ture of the flume water. To 

•tsoeiated to some ^Sater used for makeup in some 

sinimixs this effect, cold fresh water is first discharged 

S!i!s! in others, fSJ Makeup in the fl« 

through a cooling tower are^o be sliced, they «^® 

system. However, when *_ ,,.ter. studies in Minnesota 

thawed with the hot weight of beets processed varied fr^ 

showed that the average the beginning of the campaign 

1.0 to 2.2 kg/kkg (2.0 to 0.0 nea? its end. The -leveling 

to 0.6 to 5.10 kg/kkg (9.2 systems at many plants within 

off- of the BOD5 in r^ycled established through estensive 

n». -.t.r 

range between 9 , 000 - 10,000 mg/1. 

Flume waters vary ^^:^:een®^o^a^i^«s^Il^Ust^^ 

leaves, roots, and dissol^d soiio flaming, large quantities 

conditions, and from fb^eJs. Unde? certain conditions ^en 

of detritus are removed ?*?„ of adhering soil, the flume ^ter 

incoming beets have ^reat quan because of its solid 

consistence may approach tMt of a siur y in areas of light ^ 

in more favorable ^y ® q!?" be 3 or 4 percent by weight when 

sandy soil, the adhering ^ Jut during wet harvesting seasons, 

t^h# beets are received at the ^ -.wg averaqe soil tare ranges 

•oil may rang. «ip to 2® '“iri^rMultt’S^typic.l plant may receive about 
n:;«o\Kr< 2 loS;”o«; over the average oa.pai,n. 

The basic iluee vater aSSonUHted^at 

Brighton, Colorado, and Sugar company, under a 

Colorado plant of the Great Wester foundation and the Federal water 
sponsored by the B®'^^^Sugar De^^P«®J^ ^ initial "echanical 

pSllution control '^?"^"J;®J5?^^-«ater surges, the system opewted 
operational problems in f flume water is now a common practice 

successfully. no industry and involves lime addition for 

within the beet sugar P^°®*®®f??_J" to Remove settleable 
pH control, control Lildup in the recirculation system. 

hTlUdlc '°piificles ^ -e.ning are r.cov.r.d for 

byproducts such as cattle feed. 

6“«2- ro^«riorof“tS;%ror.5 
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f in barometric condenser water include 

ammonia nitrogen, and sometimes phosphates fran water treatjrer»«- 
, Total solids are of Importance in a "rec?cled" condensir waJe^ 

phosphorus are important in the eutrophication 
process and are a potential degrading influence in streams and lakes. 

content of condenser water confirms previous 
nsoo ?Ko» Bugar lost by entrainment amounts to about 820 ko 

iisS^nded* 2300-2700 kkg (2500-3000 to^rcapacuj! 

suspended solids in the condenser water which leaves the seal tank 

low. The British Columbia Research council study on vaHois oJan^^ 
reported an average BOD5 for condenser waters of U3 mg/l wilhlranlla^ 

iLs (65?? "T^thlrd’ sn avera^ BOD^ of 50 p^ oJ 

less (o5) ; a third reported 30 ma/1 iia\ 

V2-, — wn wu. 

The concentration of organics in condenser water with 
recirculation has reached an equilibrium concentration near 25 mq/l*^BOD5 
in present recirculation systems and has n^ bLn L 

Degradation of biodegradable organics will occur in various 

Experience indicates that accidents, shock loads i... 

«rioas stages of the M«2“2LrJSJer'”if °or|aniM'’’tntl 

NO '5s«r%iat2s"'’a%'*a“ 

pJo^^S^eJ Six 

(13). Better operation with entrainment control devices can limit th® 
degree of entrainment to 10-15 mg/l and vStSl ^ 

entrainment occurs with beet operition! elimination of any 

The source of fecal coliforms if present in conaenser water wnniH 
wiginate from the water supply source and generally would be of concern 

u^ed bacteriological cSita^naJior 

used as the source of condenser water. The elevated temoeratures wi«-h 
small entrainment of organics from the barometril co^eSIS^ oresi^J 
^orable conditions for the growth of bacteria in the condenser^water 

cli“«t:rSen“pr^;s.™| ".cssary in cold 
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- and discharge to r< 
In some plants excess lime i 
I. The industry comi 
%iherea8 European practic< 
solids and the supernatant 

noxious odors have been 

but these can 


is an extremely strong 
an not be permitted. Z- ^ 
ulated to the fluming system, 
orage pond for lime mud 
ponding of the settled 

of fermentation and 

of li»e mud wastes, - . , _ 
2 - optimum of 0.5 m 

accumulated lime mud to 

The industry is prr-“-‘ 
for recovery 

sweetener on ( 

directed to the reuse of 

of cement and relateo 
be balanced against 
be expected at ^- 

a kiln 

land spreading is l__ 


associated with the 
n be avoided with a 
. (1.5 ft) for ^or 

containment in holding 
experimenting with lime 
of solid lime waste. The lime 
acid soils- Studies have 
1 residue within the plant 
products. The cost of 
.._z those of waste abatement and 
the individual plant. 

kiln, pulverised, and optima 
( maintained at about 17 percent. 

contain 3.2 kg (7 lb) 
acids, .91 kg (2 lb) potassium, and 


long-term holding -- 
sufficiently shallow depth pond 
control. Mlowing <- 
ponds is commonplace 
reclaiming and reuw oyetems 
nud may be recovered for use as a 

also been 

and in the manufacture 
these methods must 
treatment costs that can 

ht one plant lime cake is dried in 
moisture content for .— . 

h ton of lime mud filter 
Sitrcn. 5.<l kg 

200 ko (*40 lb) organic matter (U) • 


Steffen filtrate generated in the Stei 
to concentrated Steffen filtrate (CSF) 

component in animal /eej*; ^ 

Steffen waste is sP^ad 

(20 ac> holding pond for disposal. 

Beet pulp with the addition of concern 

“ prSeSJy sold for i 

Ho%rever. the amount of concentrated . 

pulp for livestock feed Is 11. 

the filtrate waste. 


Barometric condenser Waters 


demonstrated that waste water asso^arm 
I in the sugar manufacturing process 
a to ^he bouers. 

► recirculation system makeup, lime mat 


The beet sugar industry 
with the condenser can ^ 
These waters may be used f 
raw water supply, beet 
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October, 1973. All other plants employ pulp dryers for handling ^ 

exhausted beet pulp. Lime mud is universally discharged to holding WT 
ponds without discharge to surface waters. Steffen waste (Steffen ■ 
process only) is concentrated for addition to dried beet pulp or Mm- 
disposed of on land in isolated cases without discharge to surface I 

waters. Miscellaneous waste waters (floor drainage, gas washer water, I 
chemical wastes from cleaning of evaporators and crystallizers, etc.) I 

are discharged to flume (beet transport) systems or disposed of by I 

separate land disposal facilities without discharge to surface waters. I 


Treatment and control technologies applicable to various waste water 
components of the beet sugar plemt are discussed below. 


Plume Water 


/ 



A preventive measure that can be developed at all plants for the 
reduction of the flume water waste volume is dry handling and transport 
of beets after they reach the plant. One plant presently has dry beet 
handling facilities for conveyance of beets into the plant. The water 
fluming system is substantially reduced to approximately IS meters (50 
ft) in length and the beets are washed under high>pressure sprays. 

If dry fluming is not employed, the initial step in the treatment of 
flume water is the screening process to remove suspended solid organic 
material (beet fragments, etc.) which would otherwise settle in holding 
ponds as slowly decaying organic material. In a recirculating flume 
water system, clarification of the recirculated waste water flow ii 
accomplished through the use of earthern holding ponds or mechanical 
clarifiers. The sludge removed from the settling facilities is 
discharged to a separate earthen holding pond for complete retention. | 

The beet sugar processing industry has demonstrated that a dra»#off or 
blowdown rate of 20 percent of the total water flow is sufficient to 
maintain the total dissolved solids concentrations at or below 
approximately 10,000 mg/1. Such a level of total dissolved solids con¬ 
centration in the fluming system will not promote, under the prevailing 
pH conditions, an abnormal scaling of the piping in the waste water 
conveyance system. 



The pH of flume water is a highly variable and erratic factor, requiring 
careful control by the addition of lime. Proper control can be 
accomplished through pH determinations on grab samples of flume water 
taken at least every two hours as is practiced at some plants. At 
number of other plants, milk of lime is added to the flume water as it 
leaves the screens or as it enters settling ponds or clarifier 
facilities. This lime addition serves to keep the pH at a level trhicb 
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the operators to take one of the ponds out of service as required to 
pemit renoval of accunulated solid material. 

The various difficulties in storing lime mud slurry, such 
nature of the waste, land and construction costs, and possible offensive 
odors offer strong reasons for converting to a dry system of handling 
end disposal in most cases. 

Steffen Waste - Steffen plants produce a liquid waste which has a 
alkalinity as well as a high BODS and organic matter content. The 
solids content of the waste resulting from the Steffen process, in 
addition to the lime content, consist of the sugar and the nonsugars of 
the original molasses. The Steffen waste includes various inorganics, 
together %»ith a variety of organic and nitrogenous comlb. 

When Steffen waste biologically degradeo, it soon loses i^ alkaline 
nature and various malodorous comlb are formed. Where this waste is 
disposed of in ponds, odor problems have becosie acute. 

Because of the large variety of materials contained in Steffen wastes, 
it has been given considerable study as a potential source of 

byproducts. During World War I, a number of beet sugar plants 
concentrated the Steffen waste and burned the concentre^ to produce a 
crude potash salt for fertilizer. Later, a successful process was 

developed to produce monosodium glutamate (MSG) from the concentrated 
Steffen filtrate (CSF). Feeding and nutritional studies have shown 
CSF can partially replace molasses as a cattle feed supplement. Th« 
use has been the primary outlet for this material, since the 

attractiveness for sale of MSG has decreased. 

When used as a dried-pulp additive, CSF is normally limited in lives^ck 
feed by the solids (ash) content. Experience has shown that only about 
30* molasses by weight, may be added to dried pulp for cattle feed. 

Land spreading is another alternative method of disposal of Steffen 

waste. This can be accomplished with a minimum of odor production, if 
managed properly. The dilute Steffen waste is spread in a thxn layer 
over a land area which is quite level and divided into small parcels by 
low levees. This permits feeding the waste onto these parcels in 

sequence to allow absorption and drying before further additions. *® 

beneficial to disc or till the soil between campaigns to enhance its 
absorptive cap^ity. Such land spreading of Steffen waste with 
protection from fWf is practiced at the beet sugar plant near 
Salinas, californiaX 

k study on a laboratory scale (68) demonstrated that Steffen waste can 
be treated with various yeasts, algae and bacteria to produce a 
potential feed stuff while stabilizing the %#aste. But another study 
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incorporating a four>pond system* was judged high in installation and 
operating cost without subsequent production of a usable byproduct. 

To reduce the cost of evaporating Steffen filtrate* considerable effort 
is made to keep the concentration of the waste as high as possible 
without adversely affecting the purity of the saccharate produced. One 
method used is the return of cold saccharate filtrate as part of the 
dilution water. The volume of Steffen waste is thus reduced from about 
42 1/kkg (10 gal of waste/ton) of molasses to about 25 1/kkg (6 gal of 
waste/ton). 


General Wastes - General waste including floor and equipment* wash 
waters* filter cloth wash* and miscellaneous effluents are usually 
discharged to the general or flume water ponds. 

Demonstrated and Potential Treatment and Control Technologies 

General - Biological treataient of beet sugar waste has been 
demonstrated. Two approaches to biological waste treatment are 
currently being used; they are anaerobic and aerobic fermentation. The 
former is believed to be the most efficient* resulting in tne most 
nearly complete stabilized effluent. Anaerobic action does give rise to 
objectionable odors including particularly* the odor of hydrogen 
sulfide. At many plants* neighboring residents have protested the 
annual nuisance caused by anaerobic odors. 

Th® removal efficiencies of waste treatment processes are difficult to 
assess. Adequate BOD5 determinations are infrequently available in 
statistically significant numbers. Exceptions to this are the results 
of the intensive studies made by the EPA on the matter of pollution in 
the South Platte River Basin* and the various studies of experimental 
units conducted by companies or by the Beet Sugar Development 
Foundation. Past studies indicate that substantial BOO ^ reduction of 
beet sugar wastes can be accomplished by biological oxidation. 

Common to all processes available for biological treatment of beec sugar 
plant wastes are the requirements for adequate screening of wastes to 
remove fragments of beets and other organic matter and facilities 
(mechanical or other) for separation of muds. Previous methods of 
handling the clarified or partly clarified liquid wastes were one of the 
following: 1) direct discharge to streams during periods of high water 
flows; 2) anaerobic biological treatment in deep ponds* followed usiMlly 
by aerobic action in shallow ponds or ■>ponds equipped «rlth mechanical 
aerators; or 3) aerobic treatment alone. 

Many studies have been performed on the treatment of beet sugar wastes 
utilizing biological ' means* including activiated sludge* trickling 


69 



A-433 






filters, waste stabilisation lagoons and other methods (11)• In many 
eases, results have been obtained well beyond the pilot-plant stage. 

Even though numerous methods of treatment of the various wastes from 
beet sugar plants have becii applied with the objective of producing an 
effluent suitable for discharge to surface waters, these methods are 
generally undesirable in comparison with inplant waste water reuse and 
recycling practices. Applicable treatment methods in the conventional 
sense present operational and economic questions as applied to large 
volumes of liquid produced during essentially a three month period of 
the year known as the beet sugar campaign. Large treatment plant 
facilities are required to handle the large waste volumes during a 
relatively short seasonal operation. If such conventional biological 
treatment systems are to be utilized, waste water would have to be 
stored in large storage facilities to help sustain organic and hydraulic 
loading for the treatment facilities on essentially a year round basis. 

Inplant process control with reuse of waste waters rather than treatment 
and discharge has been generally adopted by the industry as an expedient 
and economical approach to pollution control from beet sugar industrial 
operations. Various waste treatment and control methods applicable to 
beet sugar processing plants are discussed below. 

Coarse Solid collectors - Trash collectors, traps, and other recovery 
devices are normally placed at all major waste collection points within 
the plants. Proper design, installation, and maintenance of these 
devices are essential for adequate performance. Solids control is 
necessary not only for routine waste but also for spills, leakage and 
inadvertent releases to the floor drains. 


Pine-Mech Screening - The screening operation is a preliminary step in 
waste treatment intended to reduce waste loads placed upon subsequent 
treatment and control units. For screening of flume water, inclined 
vibrating screens are generally preferred by the industry because they 
are more effective and less costly than other screening devices. 
Adequate screening of the waste flovrs from a typical plant may remove 
from to 36 kkg (10 to 40 ton) of coarse wet solids daily. The recov¬ 
ered screenings are shredded and introduced into the pressed pulp and 
fed to the dryer. Screenings remov'id from recycled flume water are also 
generally fed to livestock with or withc«it drying. 

One plant provides dual vibrating screens tdilch have 0.32 by 1.59 cm 
(1/8 by 5/6 in) slotted openings, as the first unit within its flume 
water recirculation sy&;:em. The screens remove about 29.7 Ickg (27 tons) 
of wet solids daily which are sold directly to local farmers for use as 
stock feed. Another operation employs three vibrating screens installed 






I 


r parallel; the screens are preceded by a liouid 
hydroseparator for removal of heavy grit and solids. 


cyclone or 


ir”S c^?ot «i?S’u™ 

used to retard such odor-producing action In anv rraHA 
«reenin, ahead of the setJunn^i iJ eMenSJl' 
«v«>^ i;® *” •??* 'larifiere with detention tlmea from 30 .!“tes M 
u?*h'™ hours will produce effective solids renoval with mininuiii odors 

MV increas^ tj^rather organic .aMriai 

- -jcj—• e^^rct^: 


kaaJ* Holding Ponds - Waste holding ponds have widespread use in the 
beet suqar industry. thaI «- tZ _“ . . . 


similar to that provided by 
generally given to their design, 
facilities normally serve for 


beet sugar industry. Their function is 
mechanical settling. Less care is 

operation, and maintenance. The pond _ _ _ 

d.?^ wastes as contrasted to treatment belief itsT Waste water 
in earthen holding ponds generally range from 24 to 48 

^^dSJ^assSiiiJiS "4 encouraged for^nimising noxious 

^lids fermentation when ponds are ised for 

»*olding ponds, as distinguished from waste 
stabilixation lagoons, serve for solids removal, sho^ term retentioji or 
long term storage without discharge to surface waters. in the latter 
case (long term storage) . the waSte water is dispo^^i of by SSSpora^^" 
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Identif icat ion_of_Bgst_ Pract icable_C ont rol_lecbnoiociJi—Currenti^ 

Ava ila ble 

nest Practicable Control Technology Currently Available tor ttie beet 
sugar processing segment of the sugar processing industry is extenswe 
recycle and reuse of waste waters within the beet processing operation 
with no discharge of process waste water pollutants to navigable waters. 
TO implement this level of technology requires; 

a Recycling of beet transport (flume) waters with land disposal of 
excess waste water. This includes (1) screening; (2) suspended solids 
removal and control in the recirculating system; and (3) pH control tot 
minimization of odors, bacterial populations, foaming, and corrosive 
effects. 

b. Recycling of barometric condenser water for condenser or other 
inplant uses with land disposal of excess condenser water. 

c. Land disposal of lime mud slurry and peror reuse or recovery. 

d. Return of pulp press water and other process waters to the diffuser. 

e. Use of continuous diffusers. 

f. Use of pulp driers. 



q. concentration of Steffen waste for disposal on dried beet pulp or 
use for byproduct utilization. Alternative methods such as land 
disposal may be considered. 


h. Dry conveyance of beet pulp from diffusers to pulp driers. 

i. Handling of all miscellaneous wastes, e.g., floor and equipment 
washes, filter cloth washes, etc. within the processing plant by 
subsequent treatment and reuse or land disposal. 

Where the exception for land availability applies as set forth ^bove, 
the Best Practicable Control Technology Currently Available for the beet 
sugar processing segment of the sugar processing industry xs recycle of 
flume (beet transporti water with no discharge of process waste water 
pollutants to navigable waters. Implementation of this level ot 
technology includes all of the requirements above except that discharge 
of barometric condenser water is permitted with extensive recirculation 
and cooling. Entrainment control devices must be installed on 
barometric condensers, and operation and control of tne processes to 
minimize entrainment is strongly encouraged. 


3^06 


A-436 














EffllT^F —“ Document for Proposed 

fofZ 'iT*:;'"’"' and New SoureeTer 

rormance Standards for thp Opo.wt I 

of the Grain Milla p • ♦ o Pbocessino Segment 
Mills Point Source Category ” U S Pn 

v.ronn.ent.1 Protection Agency (DecTS. im) 















* * * * * 


to the treatment plant contains 

•uspended solids. activated sludne, 

The treatment S'""'*thts'eylt-!'' "h" 

Uo?fhrjc'h!“ 

activated secondary clarifies ^’^?s fully aerated, while 

l5f-|nai“'iS:en?lor Z tlrs/of ,a.iticnal 


settling. 


Effluent characteristics 

from this treatment 


Average 

_ma^l- 

bods 

3^ 

2^f> 

COD 

Suspended Solids 

169 


Ranqe 


6-95 

102-525 

0-372 


jni ^ 

corn millioa 


The relatively ®;;®^®;n®the°iaqoon°? ^he nature of . 

retlects see algae growth the handling problems In « 

'tSag^rn^^heJecedary 

EOD5 from the treatmen p common them have teen 

:= ..—■ - 

acids or alkalis- 


a. *ho best treatment, in the • 

in terms of ““S temoval ,%s below expectations, 

indostry. suspended solids .nether 

„.„e S-The second plant «_b. ^ir-factlitfHl/i.nrge ^'^1^! 
medium-slxed ’‘® t«o*'parallel co-P^hte-ni* “ctl t 

n^oiirry^riarlficatlon. »-„«ronJ;:n?a?‘lr^i«tion hgency demonstration 
-a-nt ra h«nn°‘opSatio„ tor ab.ut t« ye rs ^ 

The Plant ‘ conc^-rated "-fre'^hl^r'«iur-«; 

_ .1 A. w.Myh.«^ • « 1 ..A 

to equal!** 
;harqe in tht 

\! 



68 


A-437 


« 

1 



4 



the temperature prior to the activated sludge process. Plant B was 
Aesigned cn the basis of a food-to^microorganirm ratio of 1.1 to 1.7*^ in 
terms of CODtMLSS (mixed liquor suspended solids), and provides about 
16>hour detention. The dissolved air flotation f<llowing secondary 

E laritication was intended to polish the final effluent ty removing any 
IdAtinq kiclcgicdl sclid. 

he design effluent from the plant is a BOn5 of less ^'har. 40 mg/l and a 
luspended solids content of less than 45 mg/l.* Performance to date has 
jeen well above these effluent levels, in spite of many modifications tc 
jperatinq procedures. Evaluations by Environmental Protection Agency 
jersonnel indicate that the plant was overloaded initially with, a food- 
:o-microorganism latio of 0.8 in terms of BOD:MLSS. Effluent PODS and 
luspended solids were usually several hundred mo/1 during the early 
periods of operation. Efforts by plant personnel have reduced the raw 
laste loading to the plant and the food-to-microorganism ratio 
(BOD:MLSS) has now dropped to about 0.4. Effluent characteristics for 
the last six months of 1972 were as follows: 


Average Range 


BOD5 79 5-994 
Suspended Solids 142 4-1260 

lampling data taken during this study over a four-day period indicated 
m effluent BOD^ of 10 mg/l or less and a suspended solids content of 
ifcout 50 mg/l. The performance of Plant B, particularly during the 
irst three days of the sampling, was exceptionally good and believed to 
le the best operation yet achieved by this facility. Towards the end of 
■he sample period, however, sludge bulking occurred and the final day's 
luspended solids analysis was just over 100 mg/l. Plant performance 
luring the week of the sampling program was a graphic illustration of 
;he effect that upsets in this industry can have on treatment 
ifficiency. The equalization basin certainly dampens the effect of 
ihock loads, but upsets still occur frequently. 

rhe performance of Plant 8 in recent months is a vast improvement ever 
>arly operations. As the waste load to the plant has been reduced by 
Ln-plant modifications, the average effluent quality has improved, 
iased on the information available about this plant, it appears that 
uUture activated sludge systems should be designed with a maximum 
JOD:MLSS ratio of 0.4 and possibly lower. 

Plant C-- the third treatment facility. Plant c, is a new, complete min 
ictivated sludge plant handling about 760 to 1,600 cu m/day (200,000 to 
125,000 gpd) of concentrated wet milling wastes from a small mill. The 
system consists of primary sedimentation, complete-mix activated sludge, 
ind clarification. A cooling tower is provided to reduce the 
temperature cf the wastes during summer months. Influent waste 
concentrations are about 1,600 mg/l of BOD and 600 mg/l of suspended 




solids. ' Because of its newness, only limited data are available on 
effluent characteristics. Effluent B0D5 lev«.l8 of 200 to 400 ^ 

suspended solids of 150 to 300 mg/1 have been reported. 
problem of solids separation has already appeared st this facility and 
efforts are apparently underway tc control sludge r>jlking. 

Pretpcjitment Plants - 

Of the four kncwn pretreatment plants in the industry, 
some form of activated sludge treatment prior to discharge *o 
municipal system. The fourth plan' , which will not be discussed in 
detail, provides some settling and limited aeration. 

Plant D—Pretreatment Plant D serves a small mill and consists of two 
larae aerated lagoons that can be operated either in parallel or in 
series. They provide about 5 days detention for the influent flow which 

averages about 3,785 cu m/day (1.0 mgd) . 

of treatment plant characteristics indicated the following influen. an 
effluent results: 

Average Average 
Influent Effluent 
mq/l _ _Ea^i_ 


BOD5 

cod” 

Suspended Solids 


2,330 

4,560 

895 


1,080 

2,870 

2,215 


Cata taken during the sampling program for this study indicated somewhat 
lower results cn both influent and effluent. These lower 
vVlues were possibly the result of the recent reactivation of one of the 
lagoons which had been drained for repairs. In any ^ ® 

oretreatment plant provides adequate treatment under the 
terms with the local municipality. It should be noted that effluent 
solids from the treatment plant exceed the influent values reflecting 
the production of biological solids in the system. 

Plant E—The second pretreatment plant Provides 

sludge treatment for a design flow of below 3,785 cu m/day (1;° 
from a small mill. The system consists of two aerated 

basins with nutrient addition and pH rll^t is 

activated sludge process, and secondary COD 

relatively new and has been subject to frequent upsets. Effluent COD 
IndsuspendeS solids are reported to be about 1,000 n^/1 and 260 mg/l 
Jesolctively. In general, the effluent levels are sufficient to meet 
the^ pretreLment limitations proposed by the local "!J2i?i^as^th4 
Treatment plant efficiency is exp^ted to improve 
prod'jction plant operations and, hence, raw waste characteristic 

stabilize. 

Plant P—This pretreatment plant receives the concentrated waste flw 
from a large corn wet mill. The influent waste flow is about 3,210 cu 

3488 
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average 30-day 


values listed 


laximum daily average of 3.0 times the 

telow. 


Table 15 




Industly Category 

aD<t gvtes^saa^ 


^q/KKg lbg / tf §Ba 


Suspended Solids 

isa^m Ibs^iu 


pH 


Corn wet milling 
corn dry milling 
normal wheat flour 
milling 

Bulgur wheat flour 
milling 

Normal rice milling 
parboiled rice milling 


0.893 

0.071 


50.0 

4.0 


0.625 

0.062 


35.0 

3.5 


6-9 

6-9 


^ m^v^v^pss waste waters 
NO discharge of process was. 


6-9 


n «> 0.0083 0-5 

0.0038 n-rneess waste waters 


P.rboiX«> ric. .aiiin, . eonsecubiv. days 

.v.r.,e of aail, values for an, period 


o, best PBACTICAELE COHTBOt TECHNOLOGY CORFENTLY 
IDENTIFICATION OF BEST 

available - 


AVAILABLE ^rrentlv available for the 

’•'li^nirurG^'-nJuBtrY^Ginerrir^Xsl.tJ^of^ 

lUatnent «>“fir‘l„.e?fic”lchn”^?cal^e.n. available to imp^ 


,rlln .111109 .ndu»tr,^J,.n.r...j_^^--. .riSple^ennhe 

iSiSCfI«nh?iU«loS5''fr?P««”rbrto- for each eubcateGory. 


„ <nfiuatrv must under- 

rKe‘=“«jrr%:&;«^ 


1 . 

2 . 


>gxcax WOBa-vF- 

x«,l.tln, and collectln, the .ajor va.te strea.s 
treatment. 


treatment. esoe- 

Eli.ln.tln, onc.-throu,h ‘=«apS’rawrs!“'Thls 

culirtro; the S r«lrco”ii"9 these coolln, 

Mnd»s.rs with surface condensers. 


3. 


conoensers w*v.. -- i na 

laol.tln, once-throu,h nowontact juncontamlnat^)^ w 

..ter. for «»'*>«,• dlr.«lY^to J>e^^ ^ the 
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achievable are those conllcutii^Llendar^kys. 

naximum average l« permitted with a maximum daily 

irer^gelS^aay va?ues listed below. 

Table 16 

Effluent Reduction Attalneble Through the 

Best Available Technology Economically Achi -va 


Industry 

§Ub£ateg2ry 

corn wet milling 
corn dry milling 
Normal wheat flour 
milling 

Bulgur wheat flour 
milling 

Normal rice milling 
parboiled rice milling 


B0D5 

jsa^islssi 


Suspended Solids 


0.357 

0.0357 


20 

2.0 


0.179 

0.0179 


19 

1.0 


NO discharge of process waste waters 

0.0050 0.3 0.0033 0.2 6-9 

NO discharge of process waste 
0.070 0.007 0.030 0.003 6 9 


.«xi.u. . .erege of daily values for any period of 30 consecutive days 

IDENTIFICATION OF BEST AVAILABLE TECHNOLOOT ECONOMICALLY ACHIEVABLE 

For all of the segments ^ ‘he ’"‘^vable^cSSpriSerimpioved'soUds 
available technology or comparable biological 

separation following --..do? can be represented best by deep 

jssar-iSfU™ :«“vK ms::"" •“ •“ 

processes in many industries and municipalities. 

in the corn wet su^at^ory, JJ. ®^^controls°will be necessary 

treatment, as of ^he in-plant controls 

pre^'^ef *?n Sn iJ tiU ha;e to be implemented, and additional 
controls instituted as follows: 

1 TBolate and treat all process %#aste waters. No process 
iastes should be discharged without treatment. 

2. institute maximum water reuse at all plants over and 
above the current levels of practice. 

3. Provide Improved solids recovery at individual waste 
scurces. 

3i;o2 



















13. Excerpts from “Development Document for Pro¬ 
posed Effluent Limitations Guidelines and New Source 
Performance Standards for the Daisy Pboduct Pbo- 
CESsiNO Point Source Category,” U.S. Environmental 
Protection Agency (January, 1974) 




Ihere should be intention-a 

case of extended be varied depending upon the 

amount of One of the most s-ricus 

™blemr^in^dLry%o^ plant Ltivated sludge treatment xs the 
problems in aairy lo^ v . , formed. The reasons fof" 
poor characteristics of th relate in part to the chemical 

poor sludge characteristics relate in pa operating 

nature of the the microbial^ flora^^^^^^ step-wise 

fre^durefforiontrol or correction of the problem have not 
y€t been developed. 

The loaaln, of^e trea^ent^plant^should^^^in^^^^^^^^ 

m^vs« . ii^the range of 35 to 50 lb BOC5 per thousand cu 


of various tertiary 
in aiming at total r' 


The following is a 
systems that cou 
dairy waste water. 

Sand Filtration 
sand on gravel where 
filling the bed interstices 
reaches a partial 1 

backwashed to :- 

and colloidal removal, 

Activated Carbon Adsorption is^a pr^ess 

in waste water are <- 

After the surface is saturated, 
reuse by thermal combustion, 
gases off the surface pores, i 
removal of refractory organics 

Lime precipitation . Clarification process is 
of soluble phosphates by k'^^cipitating the phosphat 
lime to produce insoluable calcium phosphate 
oitliorhoschates are precipitated as 


involves the passage or water water by 

the suspended solids are removed fr 4.v,d» 

tne suspe pressure drop across the ted 

. the bed is taken out of service and 

«n:se*;n«;p?ed"sus;endcd particles. TO increase solids 

chemicals are added ahead of the sand filter. 

-1 wherein trace organics present 

;asor£ed'physically into the pores of the carbon. 

?he granular carbon is regenerated for 
The organics are oxidized and released as 
Activated carbon adsorption is ideal tor 
( and color from biological effluent. 

My used for removal 
:e with the calcium of 
it may bo [Xiotulated that 
calcium phosphate, and 





:D solids concentrations of dairy RFl 
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SciM Municipalities across the country are imposing tight restrictions 
on hexane soluble fats, oils and grease. Haste containing mineral oils 
discharged by the chemical and petrochemical industries and other 
sources inhibit the respiration of microorganisms. However, fat in 
dairy waste water does not exhibit such an inhibitory effect. 
Appreciable quantities of dairy fat are being treated successfully 
biologically with no noticeable effects on microorganisms (see Table 
19). 

Although large quantities of floating fats and grease could potentially 
clog or stick to the walls of sewer lines, dairy fat does not contain 
inhibitory substances or toxic heavy metals that could upset a municipal 
treatment system. Sanitary districts should recognize the difference 
between the potential detrimental effects of mineral-based versus milk- 
based fats, oils and grease in applying their ordinances. A test that 
distinguishes between those scurces of fatty matter should be developed, 
since mineral oil and dairy fat are both solubilized in the hexane test 
currently used for control purposes. 

Performan ce Of Dairy Waste Tre atment Syste ms 

Biological Treatment 

Performance data for dairy treatment systems are presented in Table 20. 
Two groups of data are shown: One from identified plant sources and the 
other fror literature sources. 

Activated sludge, trickling filter, and aerated lagoon data from a 
limited number of identified plants indicated average BOC5 removals of 
97.3f, 90.Of and 96.2% respectively. Those treatment plants are, in 

general, well designed, vrell managed facilities, or "exemplary" plants. 
The overall average performance of these facilities is a BOD5 reduction 
of 96.1%. The overall average BOD§ reduction of 97 literature reported 
plants is 91.9%. Four identified combined systems show an average BODj 
reduction cf 95.7%. 

Table 20 excludes all BODS reduction values below 70%, which were i 
reported in Keamery's I97l Dairy report. A system for refine treatment 
functioning below 70% BOD^ reduction has been considered underdcsigned 
or ill-managed and does not reflect its actual capabilities. Anaerobic 
digestion has a much lower efficiency (30.5% BOD§ reduction frem .two 
data sources) but is a good preliminary buffering stage, especially for 
low volume waste to be treated by activated sludge or trickling filter 
systems. Stabilization ponds also represent a good preliminay buffering 
stage prior to activated sludge or trickling filter systems when land ii 
available. 

One data source for sand, filtration shewed average reductions of 

for BOD and 95.5% for suspended solids. Sand filtration removes notj 

SI 
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EFFECT OF MILK LIPIDS ON THE EFFICIENCY OF 
BIOLOGICAL OXIDATION OF MILK WASTES 
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only suspended solids but also associated BOD, COD, turbidity, color, 
bacteria and other natter. 


Tertiary Treatnent 


gives a general comparison of tertiary treatment systens 
•«iciency to remove specific polluticn parameters. 


Table 22 gives some further insight of the efficiencies of tertiary 
treatment systems. It shows reductions produced after passage of 
biological effluent through sand filtration and activated carbon at the 
Tahoe, California, treatment plant. The effluent from the 
conventional activated sludge process is treated with alum and 

pclyelectrclyte prior to its passage through a multi-media sand filter. 


ii 







Cos t of End-Qf -Pi pe Tr eatmen t 
Biological Treatment 

A summary of the estimated capital costs and operating costs for 
activated sludge, trickling filter and aerated lagoon systems are shown 
in Figures 19 through 23. The data are based on 1971 costs. ^Operating 
costs include power, chlorine, materials and supplies, laboratory 
supplies, sludge hauling, maintenance, direct labor, and generally 10- 
year straight-line depreciation. 

Cost estimates for biological waste treatment systems are based on model 
plants covering various discharge conditions representative of the dairy 
industry. Specifically, raw waste BOC5 concentration of 500 mg/1, 1000 
mg/1, 1500 mg/1 and 2000 mg/1 were selected, each at a flow volume of 
187 cu m/day, 375 cu m/day, 935 cu m/day, 1872 cu m/day (50,000 gpd, 
100,000 gpd, 250,000 gpd and 500,000 gpd). Cost analysis for waste 
water volumes of 187 cu m/day (50,000 gpd) and less were based on 
treatment by means cf package plants. Package activated sludge was 
considered although packed towers could be as efficient. 

Substantial savings could be realized through use cf prefabricated 
plants for low volume discharge. Although field-instituted treatment 
systems cost more even at larger capacities, they would generally 
provide greater operational flexibility, greater resistance to shock 
loads and flow surges, better expansion possibilities and higher average 
treatment efficiencies. Cost estimates assume plants designed in 
accordance with the parameters specified in Table 16, Section VII. 

Capital ccst estimates for aerated lagoons for the four BOD cases—500 
mg/1, 1000,mg/1, 1500 mg/1 and 2000 mg/1 — were almost identical. 
Therefore, cne case is indicated, namely 2000 mg/1 EOD5 at 187 cu m/day, 
375 cu m/day, 935 cu m/day, 1872 cu m/day (50,000 gpd, 100,000 gpd, 
250,000 gpd and 500,000 pgd). Also operating cost estimates for the 
four BOD5 concentrations were almost identical and only the opert.ting 
cost for the model lagoons receiving 2,000 mg/1 BOD5 is indicated. Tig. 
22 shows operating costs including 10-year straight line depreciation. 
Fig. 23 shews operating costs excluding depreciation. 

Irrigation 

Investment and costs were developed for three levels of waste water 
discharge: 10, <^0 and 80 thousand gallons per operating day. It is 
assumed that the maximum daily discharge per acre is 20,000 gallons or 
150 pounds non5. Although tliese lev^sls may be considered high, no 
problems should be encountered if the soil is a gravel, sand, or sandy 
loam. During the winter months, it may be necessary to reduce the waste 
water-POD application per acre, particularly in the Lake States region 
where many plants are located. 
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ACTIVATED SLUDGE SYSTEKS (FOR DAIRY WASTEWATER 
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lnclud«e: Raw vMtawatar pumping, naii-aay cquaLizacion vicn aiEr\isaa mxr. 
••raeion basin (36 hours) wlch dlffuacd air supply systais,.sattllng, chlori¬ 
nation faad ay,tan, chlorination contact tesin, sludga racycla, aerobic slud 
digestion, sludge nolding tank, sand-bad drying with enclosure and fans, 
under-drain sand-bed pumping, laboratory, garage and shop facilities, 
yardwork, engineering and land. Package treatment system does not 
include sand beds, laboratory, garage and land cost. 
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CAPITAL COST ($100,000) 
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Includes: Haw wastewater pumping, aeration lagoon with high-speed floating 

surface aerators, concrete embanl^ent protection, settling basin, chlori¬ 
nation contact basin, engineering and land. 




















































































































FIGURli 


COSTS (AUGUST. 1971) 

ICE SYSTEM, TRICKUNG FILTER SYSTEM 
AND AERATED MGOON. 

FOR DAIRY WASTEWATERS 
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ACTIVATED SLUDGE, TRICKLIIIG FILTER 
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Kr.r n.-uir.rticn5; are (1) minimum in-plant chanqes tc reduce waste water 
POP'^diEcharqe, (2) waste water and Don discharge coeftic:ents per 
000 liounds ct M.R. arc those used in the hPRA study (phase II, table 
1), (3) plants operate 250 days a year. 

•rav irrigation is more expensive to operate than a ridge and furrow 

not rcouire pumping. Spray irrigation invffStment for 
'TcT..T.l 10,000 GPD is 52 , 500-2 750, «0,000 GPC is 

, 1o0-i5!200 and 80,000 GPD is $7,000-58,000. If whsy is discharged 
Lth the cheese plant waste water, the investments are 53,250, *’"200 
a 000 rescectively because of the need for additional land. 

tcLr operaUng c“t= are 51,550 for the 10,000 GPD, 52,850 for 
e uo 000 GPC, Ld $4,600 for the 80,000 GPD of waste discharge. For 
le cheese plants discharging whey with the waste water, the annual 
5Ll cost are $1,600, $3,100, and $5,200 respectively. About 70 

»rcent of these costs are variable and the remainder fixed. 


, a per 1,000 pounds M.E. basis, the costs differ depending on the 
'oduct manufactured. For evaporated milk, ice cream, and fluid plants, 

,e cost decreases from 30 cents per 1,000 pounds «-E- , 5 P° 

1 cents for the 40,000 GFC discharge and 11 cents for the 80,000 GPE 
s-haJqe pStter-powder plant costs per 1,000 pounds M.E. decrease 
uS t^lr^asinrPlant size and are 20, 10 and 8 cents respect vely. The 
Dst of cheese plants without whey in the effluent are 14, 6, ^nd 5 
'nL pL 1 , 00 rroSnds of M.E., but the cost for the cheese plants 
ischarging 10,000 gallons of waste water including whey is 70 cent.., 35 
2 nts for the 40,000 GPD and 29 cents for the 80,000 GPD. 

he ridge and furrow costs are lower and the economies of size 

ncountered fer spray irrigation are not evident ^"^^sal 

itching and tiling land, the land itself and ditching to the disposal 
ite fo? 10,000 GPD is $1,600 (one-half acre) for ice cream^ 

vaporated irilk and cheese without whey discharge plants, $3,200 for 
utter Plants and $6,400 for cheese plants discharging whey. The 
rvestm^irs'%or tie 40,000 and 80,000 GPD ^i-harge are -Bpectively 
our and eight times the investment figures for the 10,000 ^PD plants, 
nnual operating costs (total) are assumed to be 20 percent of the total 
nvestment. This may be considered high but these systems 
ore attention than they generally receive to keep them operating 
roperly at all times. 

n a per 1,000 pounds of M.E. basis, the cost is 7 cents for fluid, 
vaporated milk and ice cream plants regardless of the size. The coot 

s 8 cents per 1,000 pounds M.E. for butter-powder, 3 

ounds M.F. for cheese plants without whey discharge, and 55 cents per 

,000 pounds M.E. for choose plants witli all whey in the effluent. In 

iny case, the cost per pound of finished product is very small. 
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For further 
parameters 


reduction cf 


and ether 


BOD, suspended solids, phosphorus, 

Vihich biolcgicdl systems cannot remove, tertiary treatment 
systems would have to be used. 


The capital and operating costs for such tertiary systems are given in 
Table 2u. The operating costs include ten-year straight line 
^^costs. The total capital and operating cost represent the 
costs required for treatment of secondary waste water for use in a 
complete recycle process. 


Economic Censiderations 

Today many waste water treatment plan 
removal capacity vary as much as 
investment. If due consideration is 
various ccnstruction and equipment 
investment and high operating exf;en 
faced with defining the problem, det 
economically evaluating the altern 
systems that, when combinded, will yi 
treatment process. Goth capital inve 
considered carefully since it is 
mere capital initially in order to re 
cest. 


ts of approximately the same EOD- 
five fold in installed capital 
not given to eccnomic evalvjation of 
choices, an excessive capital 
se usually result. Tlie engineer is 
ermining the possible soluticiis, 
atives and choosing the indiviaual 
eld the most economical waste wat^^-r 
stment and operating cost must he 
sometimes more economical to inv^^st 
alize a reduced yearly operating 


Of the three biological systems, that provide refined tr<-atment, namely, 
activated sludge, trickling filters and aerated lagoons, the aerated 
lagoon system provides the most economical approach. Investment can be 
minimized by providing weatherproof equipment rather than buildinos for 
equipment protection. where buildings are required, prefabricated steel 
structures set on concrete slabs are economically used. 
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Sugar mill effluent treatment with 
nutrient addition 
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D. E. Simpson and ]. Hemens 


B ecause of the rural nature of the sugar 
cane industry, stabilization of cane 
mill effluent before discharge has not often 
been practiced. In recent years, however, 
development of these areas in various coun¬ 
tries has made it necessary to preserve 
inland and coastal water quality. Tliis is 
the case in the sugar-growing areas in the 
province of Natal on the east coast of 
South Africa, where industrial waste dis¬ 
charges arc now required to comply with 
nationally applied general standards for 
effluents. 

Published data on the treatment of cane 
mill effluents are relatively limited, but it 
is evident from the work of Keller and 
Huckahay,' Bhaskaran and Chakrabarty,* 
and Bevan* that these wa.stes arc largely 
carbohydrate in nature, have a high and 
very variable oxygen demand, and, if bio¬ 
logical methods for the reduction of oxy¬ 
gen demand are contemplated, are lacking 
in certain mineral nutrients, particularly 
nitrogen, in relation to the amount of oxi- 
dizablc carbon present. 

The laboratory work dcscrilred here was 
undertaken to determine whether the ac¬ 
tivated sludge process could be used to 
proilucc an effluent of the standard re¬ 
quired. 

Are.-HAix's ANo Mprniom 

Preliminary batch tests to determine the 
effect of nitrogen and phosphorus addition 
on the rate of chemical oxygen demand 
(coo) ri’inoval from sugar mill effluent 
((hinder water) were carriixl out using 
ni'ii'hic sludge. Tliis sludge was devel¬ 
oped by acclimation of activated sludge 
taken from a local wastewater treatment 
ph.iit to u s.' Jtrato of diindcr water. The 
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acclimation was carried out by feeding the 
sludge daily on a fill-and-draw basis; that 
is, after setding, the supernatant was 
drawn off and replaced with an equal vol¬ 
ume of feed. 

Tlie main part of the investigation was 
carried out with a laboratory continuoiu- 
flow aeration unit, a diagram of v,bich is 
shown in Figure*!. The aeration unit (0.S 
1 capacity) contained an internal baffle 
around the overflow pipe to provide a qui¬ 
escent zone for partial sludge settlement. 
When higher hydraulic loadings were used, 
it became necessary to install a settling 
tank in order to produce a clear effluent. 

Waste input was accomplished by use 
of a constant-head reservoir connected to 
a dosing tiilic via a three-way solenoid 
valve controlled by a time-clock; setded 
sludge was return^ to the aeration unit 
by a periodically operated air-Uft pump, 
and the mixed liquor suspended solids 
(mlss) con(«itration in the aeration ves¬ 
sel was maintained at 4,000 mg/1 by re¬ 
moval of excess sludge by a similar system. 

Complete mixing of the aeration vessel 
and an adequate supply of dissolved oxy¬ 
gen (uo) was maintained by passing com¬ 
pressed air through sintered gla.vs diffusers. 

A supply of dundcr water for the experi¬ 
ments was obtained from a local sugar mill 
three times per week. The ood of the 
waste was extremely variable (1,000 to 
18,000 mg ooo/l) and iin.suitablc for main¬ 
taining constant loading rates. The waste 
was therefore adjusted to a value of ap¬ 
proximately 3,000 ing coo/1 either hy ad¬ 
dition of stronger waste or sucrose solution 
or by dilution with water before me. It 
was found that no significant change in 
oou occurred during .3 to 4 days storage. 
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FIGURE 1.—Schematic flow diagram of 
unit 


No temperature control was provided; 
operation was carried out at ambient tem¬ 
peratures, which ranged from 18* to 26*C 
at the conclusion of the experiments. 

Methods for the analysis of cod, 5-day 
biochemical o.Tygcn demand (bod), and 
Kjeldahl nitrogen were taken from "Stan¬ 
dard Methods"* and phosphorus and ni¬ 
trate-nitrogen from Strickland and Parsons.* 
A sludge volume index (svi) was deter¬ 
mined by settling the mixetl liquor for 1 
hr in a 100-ml measuring cylinder and then 
noting the sludge volume; the xrLSS con¬ 
centration of the .same sample was deter¬ 
mined by Gooch filtratiun and expressed as 
ml sliidge/g dry weight. 

Results 

The results are presented in three sec¬ 
tions covering the influence of nutrients on 
the rate of ood removal in batch experi¬ 
ments, the acclimation of the sludge to a 
dunder water substrate and the effect of 
nutrient addition on sludge settlement 
characteristics in a continuous-flow unit, 
and the performance of the process at dif¬ 
ferent laid rates. 

Effect of nutrient addition on the rate of 
coo removal in batch tesU. Er|wal \-olumes 
of sludge, previously eonditioned to a 
duirdcr water substrate for a period of 2 


wk, were placed in 2-1 glass flasks, and 
equal vohiiucs of dunder water were added 
to each flask. In one case, however, sup¬ 
plementary nitrugen and pliosphorus were 
added to the waste in the fonii of urea 
and potassium dihydrogen phosphate to 
change the ood .‘nutrient ratio as shmvn 
Irelow. 


Load ratio, 
initial 

g COD/g 
MLSS 

0.35 

0.35 


Nutrient ratio 
in feed 
coo:N:P 
100:0.2:0.05 
100:4.2:0.80 


It can be seen that the concentration of 
nitrogen and phosphorus in the dunder 
water (Flask A) was considerably lower 
than the i»od:N:P ratio of 100:5:1 con¬ 
sidered Ir^ Eckcnfcldcr and O’Connor • to 
be necessary for bacterial synthesis. An 
average ood .'non ratio r,f 1.8 was found for 
dunder water and the noD:N:P ratio in 
Fask A was therefore approximately 100: 
0.1:0.03. 


A m 


M % to 

H«sri fstni tl«fl 


FIGURE 2.—Rale of chemical oxygen de¬ 
mand reduction with and svithout addi- 
tioiiai nutrients. 
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The flasks were then aerated continu¬ 
ously at an average temperature of 20*C, 
while sAniplei were removed at intervals 
and ceiilrifuged before analysis for coo. 
nitrogen, and phosphorus. The experiment 
w« terminated when the con reached a 
minimum level. 

The difference in the rate of con removal 
IS shown in Figure 2. If the linear por¬ 
tion of Curve B (with nutrient supple¬ 
ment) is extrapolated, it can be seen that 
the mmimum con (180 mg/1) was reached 
m 11 hr compared with 24 hr for Curve A 
(without nutrient supplement). 

According to the linear portions of the 
curves, the con removal rates were ap- 
proxinutcly 80 rr.g/hr/1 for A and 150 mg/ 
hr/1 for B; that is, the rate was almost 
doubled by addition of nutrients. 

The removal of nitrogen and phosphorus 
from solution in Flask B during the experi¬ 
ment is shown in Figure 3 to have been 
rapid during the first 8 hr, thereafter 
It tended toward low values. The nitrogen 
and phosphorus values in Flask A (not 
shown) remained at levels of approximately 


0 -+—,- 1 -,- --7 - 1 0 

® * S 12 16 20 

Hows from start 

FU»URE 3.—Kate of nutrient uptake. 
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3 mg/1 and 0.5 mg/1, respectively, throueh- 
, out must of the experimental period. 

* Shiilgc acclimation to dunder water and 
the clfcrt of nutrienU on sludge settlement 
Ml oontmuous-flosv apparatus. Activated 
1 sludge obtained from a domestic svaste- 
water treatment plant was used as an in¬ 
oculum and was acclimated to the new 
substrate over a period of 18 days by in¬ 
creasing the proportion of dunder water 
in a wastewater-dunder water input mi.x- 
turc During this and the subsequent ex- 
penmcntal period shown in Figure 4 the 
was maintained between 0.3 
and 0.5 g con/day/g mlss. During the 18- 
®‘*'i™“tion period, the ood of the 
effluent was in the range 40 to 90 mg/1 
and the svi fell from an initial value of 

u j observed 

that sludge settlement was satisfactoiy at 
SVI values of 120 or less. 

Soon after changing to an input of dun¬ 
der water only there was a marked change 
in the sludge texture, and there was no 
perceptible separation of the sludge in the 
1-hr period of the svi determination. The 
filtered efliuent con also rose from less 
than 50 to more than 400 mg/L 

Interruption of the dunder water input 
for M hr brought about no improvement 
in the sludge condiHon. The input was 
resumed the following day with dunder 
water .supplmented with nitrogen and 
pho.sphorus in the ratio ood:N:P= 100: 
2^: 0.5. During the subsequent 48 hr the 
efliuent ood feU to 130 mg/1 and the svi to 
a value of 120. and sludge settlement was 
again obtained. 

“dtlflion was discontinued after 
28 days to confirm that the change in nu¬ 
trient concentration was responsible for de¬ 
terioration in the condition of the sludge. 

A steady increase in the svi was then ob¬ 
served, and the svi reached a v.iluc of 250 
at the end of 34 days. During this period 
the two hatches of dunder water had a 
cxm>.N:P ratio of 100:0.4:0.04 and 100:0.3: 
0.18. 

It was thus evident that provision of an 
adequate concentration of nutrients was 
essential for the development of n settle- 
able sludge derived from a dunder water 
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FIGURE 4.—Effect of nutrient addition on sludge volume index 
•nd effluent chemical oxygen demand. 


substrate. The cspcriment waus continued 
to determine tlic minimum nutrient level 
required to produee a settleable sludge us* 
ing the recommended N:P ratio of 5:1. 

From Day 35, the input ood:N:P ratio 
was supplement^ to 100:1:0JI. In Figure 
4 it can be seen that after an initial dcdinc 
From 250 the svi remained in the region of 
200 without further decrea.^. At this value 
sludge settlement was unsatisfactory and 
turbid effluents were produced. 

After 56 days a change in input nutrient 
Icsel to a ood:N:P ratio of 100:2:0.4 was 
made, which resulted in a steady svi de¬ 
crease to 130 and improved sludge settle¬ 
ment with filtered effluent coo concentra¬ 
tions decreasing from over 200 to values in 
the region of 100 mg/1. 

From these results it scented that a nu¬ 
trient addition fulfilling the minimum re¬ 
quirement had been resiched. The unit 
was crtnsidrrcd to be in a suitable condi¬ 
tion for evaluating the effect of lond factor 
on fferfonnancc. 

liie above ratio is in reasonable agree¬ 


ment with the results of Hattingh,’ who 
studied the influence of nutrient level on 
the bulking of activated sludge. It was 
concluded that this change in sludge char¬ 
acter occurred only in substrates where the 
non:N and bod:P ratios were greater than 
22:1 and 168:1, respectively. These values 
give a combined bod:N:P ratio of 55.6: 
2.5:0.33 or, if expressed in terms of ood, 
using the oon:BOD ratio of 1.8 determined 
for dunder water, a cx)d:N:P ratio of 100: 
2.5:0.33. 


TABLE I.—Averace Temperature and Hydraulic 
Data for Continuous-Flow rinit 


Lead KActor 
(gCOD/ 

t tills) 

Ttmucra- 

t«r* 

(•C) 

Dvratkm 

Numlter of 

Krirotioo 

Vutymes 

Rrtrnlloa 

Tiim 

(hr) 

OM 

23.9 

21 

11 

45 

0.59 

23.5 

21 

16 

31 

0.8J 

24.4 

13 

15 

22 

I.IJ 

26.2 

10 

15 

16 

1.43 

25.8 

8 

16 

12 
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TABLE II.-lfulri«ot fof JP«ri^ of C otmUnt U 4 ^ in Contijiuou. Flow Unit 

N*|fri<n!« V«|i|^tl I Avi,*fjT ucbJ j - — 

ij I (nift/t) I (•WB/I) I I 


1 Avi'fj-'- Tutal *] 

1 ttt KertI 1 

1 (ma/I) 1 

1 

p 

70 

18 

70 

18 

70 

18 

ino 

24 

100 

24 

too 

24 


■K-ri»i Krifiav^l by 
8lt*<|gr rWowth 


Kietdahl N 


r 1 

7.0 


Effect of loading on performance. For 
the ix'inuinilcr of the experimental period 
the unit was held at constant load facton 
ranging from 0.4 to 1.4 g oon/day/g mus 
for periods of time allowing between 11 
and 18 volumetric displacements of the 
aeration vessel. The average results arc 
Sitown in Tables I and If and Figures 5 
and 6. 

Figure 5 shows the variation of svi and 
ooi) and non of the effluent at various load- 


'«n Inpu) 

5. *»»o 

E 

oSO- 

o ^ 




ings. Tlie svi of the sludge is clearly load- 
dependent because it fell to a minimum of 
53 at a load factor of about 0.6 and then 
rose steadily with increasing load factor. 
However, the ood and non of effluent from 
the settling vcssc+'did not seem to be 
load-dependent and remained at steady 
values throughout. It may be noted that 
there was little difference between the val¬ 
ues for settled and filtered con, which re¬ 
mained at levels of 80 and 100 mg/1, re¬ 
spectively. Tlic filtered non values, which 
were always less than 10 mg/l, are con- 
sidcrctl ■ to indicate a higlily stabilized 
effluent with little pollution potential. The 
average exm and hod values of tlie dundcr 
water input for the whole period are shown 


Qs oa la u 

Load faclw 1 COO/ 9 MCSS /4 


FICUHE .'5.—Variation of sludge volume “ al oa S w - 'u~ 

index, rfllcrut chemical oxygen dcmanil, t»od ••tm fcoo/fwiss/a 

inndJ.w"*''"'’'"'''' 6—Effect of load rate on 


loading. 

2J9S; Journal WPCF- 


synthesis. 


sludge 


3542 


in Figure 5, 
wav calctilai 
cent, with 
percent. 

Tlie efferSf^ “ 
1.4 was noF“ 
load mg the 
than 120, a 
could be 
The grow 
mated by n 
sludge disc 
account thc’*>j^' 
centration 
ure 6 the ' ' 
percentage — 
mg/1 MISS, 
in the unit, 
produced pi 
percent gre 
45 percent; 

Sludge pro^^^ 
shows an u*' .. 
suggesting 
oxidation 
there will 
cess sludge 
plant. r 
Some set 
different lo/ 

7. To obta^ 
was settled ,, ‘ 
volume of 
the MLSS c 
There is a im^bv 
profiles. A| 
had comp:i| 
volume wits, 
thereafter. I 
slower .sett I' 
linear at la, • 
indicates tl 
floes of sir 
Data for a , • 
of 0.4 was h '. 
pecletl to r e • 
bccauw th« - ^ ' 
The nuti 
hiadings is 
ineiit nufrii 
0.4 in lh«* 
tor of O.S3i 














Sugar WASin 




^ 4 ^ 


in Figure 5, und tlie cxh> removal obtained 
was ca^ruluted to be approximately 117 per- 
cent, unth ooo remo^ in excess of 99 
percent. 


The effect of load factors greater dinn 
1.4 was not investigated, liecause at this 
loading the averui;.e svi value was greater 
tliaii 120, and sludge settlement problems 
could be anticipated in practice. 

Tho grc' h -ate of the sludge was esti¬ 
mated by measuring the amount of excess 
sludge discarded daily and taking into 
account the change, if any, in mus con¬ 
centration in the aeration vessel In Fig¬ 
ure 6 the rate is depicted as the daily 
percentage rise from a base value of 4,000 
mg/1 MLSS, which was always maintained 
in the unit, and also as the weight of sludge 
produced per gram of ooo intr^uced. The 
percent growtfi rises, as expected, up to 
45 pcrcent/day at a load factor of 1.4. 

Sludge production per unit of odd input 
shows an upward tendency with loading, 
suggesting a decreasing degree of auto¬ 
oxidation at the higher loadings. Gcarly 
there will br a considerable amount of ex¬ 
cess sludge for disposal in a large-scale 
plant. 

Some settling profiles of the sludge at 

dificrmt load facton arc shown in Figure a maximum ot and percent, rcspec- 
7. To obtain these curves the mixed liquor tively. At this point it was considered 
was settled in a 100-ml cylinder and the that the supply of supplementary nutri- 
volume of sludge noted at time intervals; ents, particularly nitrogen, was marginal, 
the MiJS concentration was 4,000 mg/1. For this reason the ratio was increase 1 to 
There is a marked difference in the settling 100:3:0.6. At higlier load factors, that is, 
profiles. At a load factor of 0.6 the sludge 1.13 and 1.43, this increase was shown to 
had compacted to only 30 percent of the be justified, because removals again rose 
volume within 10 min and changed little to W percent levels. The increased nu- 
thcrcaftor. With higher load factors the trient requirement at higli loadings may 
slower settling rate is evident; it is almost l)c explained on the basis that recycling 
linear at load facton of l.l and 1.4 and of nutrients iclca.scd by auto-oxidation of 
indicates the presence of dispersed sludge sludge at low loadings bt^comes reduced 
floes of small diameter and similar size, as the load factor increases. 

Data for a settling profile at a load factor Some statistical data on the variation of 
of 0.4 was not obtained but could be ex- loading, svi, and ooo of filtered effluent 
pocted to resemble that of load factor 0.8 during the runs is given in Tabic III. The 
because the svi values were similar. load facton varied within narrow limits 

The nutrient balance for the difTercnt Irecause, as already mentioned, tlic input 

loadings is given in Table II. A supple- stre-ngth was controlled. The least varia- 
ment nutrient ratio of con:N:P of 100:2: tion in svi occurred during Fxpcriincnt 2, 
0.4 in the input wax used up to a load fac- for which a mean value of S3 and a stan- 

tor of 0.83. It can be scc*n that the re- dard dcviai.G.i of 4.2 were obtained. If 


Mifiutn (ram itarl 

FIGURE 7.—Sludge settling profiles at 
different load facton. 
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TABLE m. -Variation of Uadin*:. Slude* Volume Inde*. and Chemical Ozy(en Demand of Filtered 
^ ERlncat for Different Eapeiimenta 


VsrtoMt* 


Valsc fur Civ» Ks|>Frlaii:fit Ncmhcr 



1 

2 

1 

J 

I 4 

s 

lavid factor: 

.Mean (nif'/l) 

0..I8 

0S9 

0.83 

1.13 

0.028 

I.4.I 

0.118 

•SD {mt/D 

0.022 

0.024 

0.024 

n 

21 

21 

13 

10 

y 

90% limiU (ma/l) 
SVf: 

0..U-0.41 

O.SS-0.63 

0.79-0.87 

1.08-1.18 

1.23-1.63 

Mean (nig/l) 

114 

53 

68 

• 109 

137 

19 

SD (mn/l) 

17 

4.2 

n 

i 13 

n 

9 

11 

6 

8 

y 

90% limits (mg/I) 
EfHuent; 

86-142 

46-60 

50-68 

87-131 

117-175 

Mean (mg/I) 

80 

75 

82 

77 

85 

16 

SD (mg/I) 

28 

25 

7.2 

9.7 

n 

8 

8 

6 

7 

7 

90% limits (iiig/l) 

34-126 

33-117 

70-94 

61-93 

58-112 

• 90 percent limiu - mean ± 1.67 SD (sUndard deviation). 




an svi of 120 is considered the maxinium 
value for a scttleable sludge, then only at 
a mean load factor of 1.43 is this value 
generally exceeded, the 90 perermt limits 
heing 117 to 175. Variation of the mean 
COD values was small (77 to 85 ing/l), sug¬ 
gesting that there was no real difference, 
but variation of the standard deviations svas 
much higher (7.2 to 28 nig/1). Further 
statistical treatment of the ooo data, by 
comparison of difference between means 
with standard error of difference and proba¬ 
bility using a t-distrihution table, indi¬ 
cted probabilities between 40 and 80 
percent that the sets of results all could 


TABLE IV. —Vtrialioa of Chemical Oxygen Demand 
and Biochemical Oxygen Demend for 
All Experiments 


VriiaMe 

Mean 

(mg/l) 

.(mic/l) 

n 

90% Umilat 
<nix/l) 

Fred r 



i 


COI> 

2,987 

127 

.19 

2,775-3,199 

KOI) 

1,666 

221 

13 

1,292-2,031 

Kllhiciit: 




riltorrd COD 

79 

20 

3fi 

46 112 

Sclllc-d COD 

10.1 

24 

16 

63-143 

I ll'rlill HOD 

7 

.V6 

IS 

1 -13 

SetiU-d HOD 

IS 

12 

6 

3-27 


•M) « slaiidird di-viation. 
t 90 perci nt Itmiu » tnran ± 1.67 SO. 
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have come from the same population. It 
may therefore be concluded that there was 
no real change in efiSuent quality with 
change in loading. 

For this reason, the con and dod data 
of the effluent for all the runs has been 
combined to give more complete data on 
variaUon in Table IV; the variation of the 
input strength is also given. It can be 
sc*en tliat the upper values of the 90 per¬ 
cent limits for the cod and bod values are 
still representative of a well-stabiliz^ 
effluent. 

Discussion and Disicn Consioebations 

It has been shown that the settleability 
of the sludge as measured by the svi test 
varies with tlic load rate. Because efficient 
sludge separation from the effluent and re¬ 
turn of a portion of the settled sludge to 
the aitratiou stage in a treatment plant is 
essential, it is considered that choice of the 
optimum load should be based oti the low¬ 
est svi value, llicrcfore, optimum load 
in tliis ca.se is approxiniatcly 0.6 g oon/ 
tliiy/g mlss. This choice would represent 
a .safe design loading because an unsched¬ 
uled tum|)Or:>ry doubling of the load factor 
should not result in undue deterioration of 
effluent quality. 
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m«r«4 
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1.43 

o.tts 

7 

iJ3-i.63 

137 

19 

7 

117-17S 

S5 

IS 

7 

SS-112 
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Bocatise the experiments were conducted 
at tcinpiTatiirus rungiug from 23* to 26*C 
(Table I) during the warmer months of 
the year, and winter temperatures could 
be expected to be as low as 15*C, this 
would, in effect, be equivalent to doubling 
the load factor to approximately 1.2, if it 
is accepted that biochemical reaction rates 
are approximately halved for a 10*C fall 
in temperature. Satisfactory operation at 
this loading should still be possible. 

The average cx)d:bod ratio of the dunder 
water was 1.8:1 and can be used to cal¬ 
culate loadings in terms of boo if desired. 
The ratio in the filtered effluent was much 
higlicr at 11:1, indicating that a high pro¬ 
portion of the oon was contributed by ma¬ 
terial that is not easily biodegradable. 
Therefore the treated effluent would not be 
expected to cause much depiction of do 
in a receiving water body. 

At the optimiun load factor, the addi¬ 
tion of nitrogen and phosphorus to the 
feed, such that the ood:N:P ratio was 100: 
2:0.4, was found to be adequate; while 
more than 90 percent of the nitrogen was 
removed, only 66 percent of the phosphorus 
was utilized (Table II). It is tlicrcfore 
assumed that the latter addition may be 
reduced to give a ooo:N:P ratio of 100: 
2:0.24 in the feed and less residual phos¬ 
phorus in the final effluent. In a full-scale 
plant, the nutrient addition required would 
be determined by ths nutrient content of 
the waste to be treated. 

A MLss concentration of 4,000 mg/1 was 
maintained in the experimental unit but 
a higher concentration, 5,000 mg/1, could 
probably be used in a large-scale plant 
provided that the svi was satisfactory. It 
iv obvious that in th.c design of a plant, the 
liighcr the sludge ctmeentration planned 
for, the smaller the aeration stage need be 
in order to handle a given amount of oxi- 
■lizable matter. However, it should be 
l>orrie in mind tliat the maximum sludge 
'•oncentration that can b«’ maintained in an 
iuration vessel is related to the svi and 
'■liulgc return ratio in the f«>llowing man- 
iKT, if it is assiiinetl that the sludge will 
wttlc as well in a settling tank as in the 


svi test. 

Mus (maximum) 
where: 


r X 10*_ 

(r + 1) X SVI 


volume of return ed sludge 
volume of feed 


The maximum sludge concentraiiiAi is in¬ 
versely related to svi and directly related 
to the sludge return ratio but, as the latter 
is increased, the increase in mlss (maxi¬ 
mum) will be partially counteracted by a 
lesser degree of compaction of sludge in 
the settling tank due to a decrease in the 
retention time. If a sludge return ratio 
of 1 is taken, then for an svi of 120 or 100 
the Mizs (maximum) will be approximately 
4,200 or S.OOO-Tng/I. 

Tlie wide day-to-day variation in dunder 
water strength observed at a local sugar 
mill is probably a common occurrence. 
This must be taken into account in the 
design of a full-scale plant, because a shock 
load may cause the reoxygenatiou capacity 
of the plant to be exceeded with conse¬ 
quent pn>duction of anaerobic sludge. To 
avoid this, a holding tank for incoming 
dunder water with a capacity large enough 
to smooth probable variations in strength 
should be provided. Wlicn air supply 
failures occurred during the exficriments 
and anaerobic conditions developed input 
was temporarily cut o(F until aeration had 
restored aerobic conditions, and the ex¬ 
cess oon had been oxidized. Normal op¬ 
eration was usually restored in 24 to 48 
hr, and no permanent detrimental effects 
on the sludge were observed. In practice 
it would be desirable to provide st.andby 
aeration capacity to cope with temporary 
high loadings. 

Disposal of the excess sludge produced 
in a large-scale plant may be facilitated by 
anaerobic digestion followed by drying 
beds, the commonly used method in ac¬ 
tivated sludge plants treating domestic 
wastewater. It was found, however, tlia'. 
excc-ss settled sludge produced in a small 
pil«»t-sc.ilc vinit oiH’iated at a local sugar 
mill could be dried to .1 inunagenblc solid 
without any form of pretreatinent. 
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The w;.tcr content of sludge, transferred 
to a 1-sq III dr> lng bed consisting of gravel 
ovL'il-iid by coarse sand, decreased almost 
linearly over a fieriod of 12 days from an 
initial 9S.5 to .>J percent, to produce a 
hard crust almost without odor containing 
3.7 percent nitrogen and 0.S jiercent phos- 
phonu. No undue objectionable odors, fly 
breeding, or other nuisances were observed 
during the drying period. 

Conclusions 

1. Efficient activated sludge treatment of 
sugar mill cfHuent is possible if supple¬ 
mentary nitrogen and phosphorus are pro¬ 
vided. 

2. Addition of these nutrients can ap¬ 
proximately double the rate of ooo removal 
and is essential for the production of a set- 
tleable sludge and a low-turbidity effluent. 

3. Tbe nitnimum satisfactory supplemen¬ 
tary COD; N: P ratio in the input was found 
to be 100:2:0.4. 

4. The optimum load factor was deter¬ 
mined to be 0.6 g coD/day/g mlss with an 
average svi of 53 ml/g. 

5. A well-stabiliz^ effluent was pro¬ 
duced, with average settled q)d and non 
values of 97 and 1-3 mg/1, respectively. 

6. Dewatering of excess sludge to form 
a manageable solid can be achieved on a 
conventional drying bed without any form 
of pretreatment. 
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Your flic 73-001 


•Idvjriim: NAVnK'., DurVan 

r.O. Uo.v I, CoiUJfllA, N.YI.YI 
26 March 1974 


EnvirL^^^at Science and tnoinccring Inc. 

l-.O. r.o>: 13454 

University Station 
rATWS Vfl.U:. FLORIDA 32604 

U.S.A. 



Dear Mr Crane, 


SUGAR MILL F^FFLUEKT DISPOS/^ 

Thank you £or your letter.of 7 rehnuan, 1’”;, “,rt„^ryou’u“i%otr 
to check on the present fluent «eatincnt plant of the kind 

s:.'riru“:ru.rrr/jnorycr.vSi‘/>riru.ucounrry. 

There are two plants ‘^®”^,a°ed ^ude^syrtCTO and the other 

followed by a Pasveer ditch , fiitersT Roth produce effluents 

vTtil'ri^D^'^rriro -gular analysu required for calculation 

of load rates etc., is lacking. 

Here fuU-.colc plants “flcio^ oin^nt tTJJirZ 

Jri»i:arorri7o«l’.:nnifu’t:; ircooun, «atot onto tholt 
adjacent cane lands without danwgc to the crop. 

I to„rct rtat I ... una,lc to ho «oro hclptul and hope d.at you utU bo able 
to obtain suitable data from other sources. 

Yours sincerely, 

.V-- 

.y Vv .* 

..T. llorK'H!'., rii.D. o C A *7 

f»r Oi riQ:R-lN-t^lARGR 
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UNITED STATES COURT OF APPEALS 
FOR THE SECOND CIRCUIT 

X 

AMSTAR CORPORATION, . 

SuCREST CORPORATION and 

CALIFORNIA AND HAWAIIAN SUGAR COMPANY, : 

Petitioners, 

-against- 

UNITED STATES ENVIRONMENTAL PROTECTION 
AGENCY, . 

Respondent. 


X 


JON R. FELDE, being duly sworn, deposes and says: 
deponent is not a party to the action, is J^ver 18 years of age 
and resides at 303 Garfield Place, Brooklyn, New York 11215. That 
on the 8th day of November, 1976, deponent served two copies 


OFFICE OF THE GENERAL COUNSEL 
ENVIRONMENTAL PROTECTION AGENCY 
401 M Street, S.W. 

Washington, D.C. 20460 

BROBECK, PHLEGER & HARRISON 

111 Sutter Street 

San Francisco, California 94104 


i of the annexed APPENDIX on: 


SULLIVAN & CROMWELL 

48 Wall Street 

New York, New York 10005 

LAND AND NATURAL RESOURCES DIVISION 
DEPARTMENT OF JUSTICE 
Washington, D.C. 20530 


Docket Nos. 74-1830 
74-1841 
74-2246 


AFFIDAVIT OF SERVICE 
_BY MAIL 


at addresses designated by said attorneys for that purpose by 
depositing a true copy of the scime enclosed in a postpaid properly 
®^dj^®ssed wrapper, official depository under exclusive care 
















and custody of the United States post office department within 


the State of New York. 





JON R. FELDE 


Sworn to before me this 
8th day of November, 1976. 




Notary Public 

KATHIJ C. WAiLACf 
Notary Public, Siofe o' 'Jew York 
No. 41 4134770 
Ouol,(,»d m C -wr.t Co .nry 
C«r»if,a,„ in f.e„ Yo,v roi.nfy 
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Atiorntyi for Petitioner Amstar Corporation 







